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In This Issue — 


IELECTRICS are featured in 2 papers 

and in the news section of this issue. 
In one paper the accuracy of a method of 
predetermining the a-c characteristics of 
dielectrics by d-c measurements, previously 
developed, is discussed (pages 1329-37). 
A transient calorimetric method for measur- 
ing dielectric losses in solids at high voltage 
and high frequency is describe in the 
second paper, and experimental data ob- 
tained by this method are presented. This 
method is said to reduce the time of making 
such measurements from hours to minutes 
(pages 1347-56). In the news section ap- 
pears a report of the ninth annual meeting 
of the National Research Council’s com- 
mittee on electricai insulation, which was 
attended by more than 100 scientists and 
engineers who listened to 26 papers on 
various phases of dielectric research (pages 
1394-5). 


ECOMMENDATIONS of importance 

to the engineering profession are em- 
bodied in the 1936 report of the committee 
on professional recognition of the Engineers’ 
Council for Professional Development. 
The report was received by ECPD at its 
recent annual meeting, but formal action 
on the recommendations contained therein 
was deferred. Comments from members 
of the Institute are invited (pages 1390-2). 
Announcement recently was made of a 
grant of $16,000 by the Carnegie Corpora- 
tion toward support of the work of ECPD 
(pages 1395-6). 


An OD of measuring the negative 

sequence reactance of synchronous 
machines proposed by the AIEE committee 
on electrical machinery has been shown by 
theoretical analysis to lead to correct 
measurements of this quantity for the 
operating conditions most frequently met 
in applying the method of symmetrical 
components, but not for the operating 
conditions used in the proposed AIEE test 
(pages 1378-85). 
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IGHTNING research has been con- 

ducted for the past 10 years on a 
220-kv line in eastern Pennsylvania. The 
most recent tests, reported in this issue, 
included measurements of line-structure 
currents, made by means of surge-crest 
ammeters, and further data on the effects 
of counterpoises and ground wires (pages 
1306-13). 


O DETERMINE the lowest resistance 

to ground that can be obtained for a 
given cost requires formulas for comparing 
different arrangements of grounding struc- 
tures. A collection of such formulas for 
d-c resistance has been assembled into one 
paper, with some discussion of their relative 
accuracies (pages 1319-28). 


HE Institute’s 1937 winter convention, 

to be held in New York, N. Y., January 
25-29, will mark the resumption of a 5-day 
winter-convention schedule. A tentative 
technical program, including more than 50 
papers on a wide variety of subjects, has 
been announced (pages 1388-9). 


Ree etANCe spot and seam welding, 
which is being applied increasingly to 
industrial and manufacturing processes, 
requires extremely accurate control of 
welding current. Some new developments 
in electronic control for this type of welding 
are discussed in this issue (pages 1371-8). 


HE METHOD of circular loci, which 
has been applied to various types of a-c 
circuits in previous Institute papers, has 


now been applied to the determination ‘o| 
the vector amplification of resistance- 
capacitance coupled electronic tube ampli- 
fiers (pages 1864-71). 


OMPLEX vectors are said to be ex- 
ceedingly useful in the study of poly- 
phase or multibranch a-c networks. A 
study of some of the properties of complex 
vectors, with a view to their immediate 
application in 3-phase circuits, is presented 
in this issue (pages 1356-64). 


PROMINENT engineer urges “a 

quickened sense on the part of the 
engineer, of his responsibilities, not alone in 
a purely professional sense, but as a citizen 
of his community, of his state, of his 
country, of the world” (pages 1301-03). 


Cite as one of the. largest and most 
effective of the Instittte’s District 
meetings, the South West District meeting 
held recently in Dallas, Texas, was attended 
by more than 500 Institute members anc 
guests (pages 1392-4). 


ISUALIZATION of transients in elec- 
tric circuits can be accomplished by 
means of the cathode-ray oscillograph with 
the aid of auxiliary electronic tube circuits. 
Several auxiliary circuits for this purpose 
have been devised (pages 1314-18). 


y NEN report of United Engineering 
Trustees, Inc., the Engineering Socie- 
ties Library, and The Engineering Founda- 
tion were presented at the recent annual 
meeting of UET (pages 1399-1402). 


ETTERS to the Editor columns of this 
issue include a contribution by a noted 
past-president of the Institute who offers 
some comments on the early mechanical 
development of the transformer (page 1403). 


Gees formulas for determining the 
current and potentials along leaky 
ground-return conductors, applicable te 
electric-railway track circuits, have been 
derived (pages 1338-46). 


Age CER IAON budget for the In- 
stitute for the year 1936-37 was 
adopted by the board of directors at its 
meeting on October 20, 1936 (pages 1396-7). 


Come novel lighting effects were achieved 

at the Great Lakes Exposition held 
during the past summer at Cleveland, Ohio 
(pages 1304-05). 
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ELECTRICAL ENGINEERING 


The Work of the Institute’s Committees 


—A Message From the President 


DOUBT if the average member of the American 

Institute of Electrical Engineers has a full 

realization of the tremendous voluntary contri- 
bution by the officers and by the chairmen and 
members of the AIEE committees to ‘‘the theory 
and practice of electrical engineering and of the 
allied arts and sciences, and the maintenance of a 
high professional standing among its members.” 
The quotation is the purpose of our organization as 
expressed in our constitution. 

The greater part of the creative work accomplished 
by the AIFE originates in, and is carried on through, 
its committee organization. 

Underlying the Institute are the Sections—the 
very foundation on which the society is built. 
There are 62 Sections, and in each Section it may 
be assumed that there are on the average 6 officers 
and 20 members who engage in committee activity. 
It may be assumed further that each officer con- 
tributes at least 30 hours of his time and each com- 
mittee member 20 hours of his time during the year— 
a voluntary contribution of 36,000 man-hours, or 
4,500 man-days. This is an equivalent of 15 engi- 
neers giving their time continuously throughout the 
year. 

It is my purpose to consider more particularly the 
general and technical committee activity of the 
whole organization, leaving to each Section and 
Section chairman the consideration of the committee 
activity of the individual Section. 

The YEARBOOK of our organization lists, in addi- 
tion to the executive committee, 23 general com- 
mittees and 18 technical committees. All the tech- 
nical committees and most general committees are 
required by the constitution or by-laws and cannot 
be dropped without a change in the constitution or 
by-laws. In addition, there are 26 national officers 
of the Institute aside from the national secretary 
and the headquarters staff. From personal observa- 
tion, I believe that each officer contributes at least 
160 hours per year on the average, and each com- 
mittee chairman at least 50 hours per year. There 
are more than 500 members of these general and 
technical committees, who on the average contribute 
not less than 20 hours of their time each year and 
many of them far exceed this average. This means 
a total of more than 16,000 man-hours or 2,000 
man-days—about the equal of 7 engineers devoting 
their time exclusively to general committee activity 
and affairs of the organization. This tremendous 
force is available for advancing the fundamental 
purposes of the Institute. The officers feel a tre- 
mendous responsibility in effectively and efficiently 
directing this force. 

These 41 chairmen and more than 500 members of 
national committees are appointed by the president, 
and he feels a deep responsibility for the success of 
the committee work. This number represents a 
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little more than 3 per cent of the entire membership 
and does not include any members of subcommittees 
not appointed by the president. Committee work 
offers the opportunity for the membership to partici- 
pate in the work of the organization, and through 
these committees the board of directors hopes to re- 
ceive recommendations guiding them in the con- 
duct of Institute affairs. 

The chairmen and members of the committees are 
selected by the President with the invaluable aid of 
the national secretary. Officially, the president 
learns of his election in June, and all committees 
should be appointed by the first of September. This 
is a tremendous task and a very grave responsibility. 
Very largely the committee personnel is based upon 
the recommendations of the past year’s chairmen, 
and there is a decided tendency to reappoint the old 
members, with such additions as may be suggested. 
This tendency is apt to lead to too-large committees 
and should be guarded against. This year, in addi- 
tion to asking the recommendations of the past 
year’s chairmen, letters were written to all of the 
last year’s officers of the Institute, to all the incom- 
ing officers, and to several officers of past years who 
have shown an unusual and continued interest in 
the organization. ‘The letters to the officers, present 
and past, resulted in considerably more than 100 
suggestions for committee chairmen or committee 
members, and these suggestions were of very great 
assistance. 

It is very desirable that the committee activity 
should be fully representative of the whole Institute, 
and I have suggested for the coming year that the 
Section chairmen be asked to make recommenda- 
tions for national committee appointments, and 
that this activity be carried on through the national 
secretary, starting about April 1. 

A most unusual response was received from those 
members who were requested to accept committee 
chairmanship for the current year. Out of 43 so 
requested, 41 accepted, and the response from those 
who were requested to serve on the committees has 
almost equalled this. Of those members who 
thought that they must decline committee appoint- 
ments, an unusually large proportion were executives 
of electrical companies. I wish to emphasize the 
great desirability of having executives on the com- 
mittees. While they may not be able to devote as 
large a proportion of their time to committee ac- 
tivity, their viewpoints and experience and the 
prestige of their names is most desirable. 

I believe it should be the aim of each committee 
to do those things which need to be done, and to 
disregard those things which do not need to be done; 
and one of the most important duties of a com- 
mittee is to decide what it shall attempt to do during 
the year. If a certain committee should decide 
that there is no work which needs to be done, it 
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should recommend to the board of directors a change 
in the constitution or by-laws, eliminating that 
committee. It is very destructive to the morale of 
the organization to have a committee appointed 
which is inactive. Such a committee should be either 
stimulated to activity or discontinued. 

It seems to me that the following are the requisites 
for committee membership: 

An interest in the AIEE. 


ie 
2. An interest in the type of work being handled by the committee. 
3. A willingness to give some time to the work of the committee, 


at least 20 hours per year. 
4. A suitable geographical location. 


Geographical remoteness from headquarters does 
not necessarily constitute a bar to committee activity. 
It is particularly desirable that the committee per- 
sonnel should represent all viewpoints in the Insti- 
tute, and there have been many examples of effective 
committee work through correspondence. It is 
much more desirable to have on a committee a 
member from the Pacific Coast who is interested 
than a member from the Atlantic Coast who is not 
interested and who does not contribute to the ac- 
tivity of the committee. 

Each year the Institute should consider whether 
there are too many committees, or whether there are 
too few. 

Committees may be divided into 2 classes: 


1. Those whose work automatically comes to them, such as the 
board of examiners and the finance committee. 


2. Those which develop their own work, such as the committees 
on electrical machinery, protective devices, and research, and the 
membership committee. 


On Monday evening, September 14, 1936, all of 
the committee chairmen who could be present, 
numbering about 30, joined with me in an evening 
meeting to consider the committee activity during 
the year 1936-37, and many very helpful suggestions 
were offered. Fol- 


prevents their attending the committee meeting should contribu 
their suggestions in writing. 

3. Atleast 2 national papers each year should be provided by eac 
technical committee. 


4. The committee for the present year should make a suggestic 
as to the committee personnel for the coming year. 


5. Each committee should consider and make recommendations ¢ 
to whether the work of the committee should be continued throug 
the next year. 

6. Toward the close of the year, the committee chairman shoul 
write to each committee member asking for comments on the wor 
of the committee and how it could be improved the following year. 
7. The committee should present a report to the board of directo: 
of the AIEE. 


The committee organization of the Institute ma 
be likened to an electrical network, with each com 
mittee a generating station developing power whic 
can be fed into the network for the purpose of carry 
ing out the fundamental aims of the Institute an 
each committee tied in with every other committe 
as a co-ordinated system. 

I hope that each member of the organization wil 
consider the committee work as something in whicl 
he is vitally interested. Our product is not perfect 
there is no organization the product of which i 
perfect. The responsibility for our product rest 
with ourselves—with each member of the nationa 
organization, with each member of a committee 
with each member of a Section. The Institute i 
what we are. The Institute improves as we improv: 
in our organized efforts. If any of us see any faul 
or defect in our product, should we not each asl 
ourselves whether we are doing our part, and if w 
are satisfied that we are, suggest such changes as wil 
greatly improve the product. 


7 Pn CLEA 


lowing is a summary 
applying to most 
technical commit- 
tees, and in many 
cases to general 
committees; it rep- 
resents the con- 
sensus of opinion as 
expressed at that 
meeting: 


1. The chairman should 
write to each committee 
member asking his com- 
ments on last year’s work 
and suggestions for the 
work of this year. Any 
member who fails to re- 
ply cannot be interested 
in the work of the com- 
mittee. 


2. If at all practicable, 
there should be at least 
one meeting of the com- 
mittee each year, and if 
possible 2 meetings. 
Those members whose 
geographical remoteness 
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Why the Engineer? 


By William F. Durand 


Chairman, Third World Power Conference 


SOMEWHAT trifling 
answer might be 
found in the reply, 

because the world has al- 
ways had the engineer and 
cannot get along without 
him. Regarding the first 
statement, I like to look 
upon the engineer as, in- 
deed, the oldest representa- 
tive of the so-called pro- 
fession—as one of those 
groups or guilds, the mem- 
bers of which play some 
specialized part in the ad- 
vancement of our civiliza- 
tion. 

In this sense there has 

come about, as we know, a 
specialized group whose 
particular function has been 
and is the utilization of the 
materials and the energies 
of nature in the service of 
man. Even if we go back 
to prehistoric times, we find that there have 
been, in this sense, engineers since the days of 
the palaeolithic age, when man first found a 
way to fashion flint chips into tips for his arrows 
and spears and learned how to utilize the poten- 
tial energy of a distorted elastic system—a strung 
bow—through a rapid transformation from  po- 
tential to kinetic energy, as the arrow sped toward 
its mark. 
' Again there have been bridge engineers since the 
time when some one found a way by fire or flint axe 
to fell a tree across a stream or to utilize a wild 
grapevine to carry his weight from one shore to the 
other—the far away prototype of the noble suspen- 
sion bridges of modern times. There have been 
naval architects since the day when some one found 
how to hollow a log by fire and stone axe, and thus 
to utilize one of the basic laws of fluid mechanics. 
There have been metallurgical engineers since the 
days of Tubal Cain and long before. 

If we go back to the great prototype of the engi- 
neer, we have Prometheus, who in Greek myth first 
learned how to bring down fire from heaven and 
subdue it into the service of man. A civilization 
without fire at its service is unthinkable, and down 
through the ages, both before and since the written 
record, its influence and significance can be plainly 
traced. 

Enough on this phase. We surely have good 
ground, if we so choose, to consider ourselves as, 


*An address delivered by Doctor Durand at the Third World Power Conference 
held in Washington, D. C., during the first week in September 1936; published 
on recommendation of AIEE committee on education. At this meeting, 
Doctor Durand was elected president of the World Power Conference. 
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The new conditions of life brought about 
by the material advances of recent times, 
which have been achieved primarily as a 
result of the work of scientists and engi- 
neers, have brought with them new and 
pressing problems—social, economic, po- 
litical, and international. 
Doctor Durand states that ‘we (engineers) 
cannot evade the responsibility which 
rests upon us to take our due share, even 
the lead, in the study of the problems 
which our own activities have, in a large 
measure, developed.’ 
ened sense on the part of the engineer, of 
his responsibilities, not alone in a purely 
professional sense, but as a citizen of his 
community, of his state, of his country, of 
the world.” 


perhaps, the.oldest of those 
specialized . groups into 
which the progress of civili- 
zation has forced the sub- 
division of those whose task 
it is to carry it forward: 
If, now, we turn to the 
second statement, that the 
world cannot get along 
witbout the engineer, the 
truth of this is perhaps 
obvious. Atleast, the world 
will not be willing to forego 
those things which the 
scientist and the engineer 
have jointly provided, in 
the advancement of what 
we call our civilization. 

If, then, we as a group or 
guild ‘must carry on, we 
come at once to the heart of 
our preseat inquiry. What 
is the engineers’ part in the 
co-operative enterprise 
which we call civilization; 
what are its boundaries; are we occupying its full 
breadth and length, and what of the future? How 
may we better address ourselves to the task of a 
more adequate and perchance a_ better-balanced 
occupancy of this important domain of human 
activity? 

The engineer has been defined as one who is con- 
cerned with the utilization of the materials and the 
energies of nature in the service of man. Ampli- 
fying, in terms which define his field of activity and 
which stand in the preamble to the constitution of 
American Engineering Council: ‘Engineering is the 
science of controlling the forces and of utilizing the 
materials of nature for the benefit of man, and the 
art of organizing and directing human activities in 
connection therewith.”’ 

Note may be taken of certain implied specializa- 
tions in this definition: Thus, obviously, we are 
specially concerned with the constructive materials 
of nature and again with the inorganic energies. 
These may be accepted as limiting, in suitable 
fashion, the field of our work. On the other hand, 
this modern concept contains an amplification of the 
very highest order of importance. We are concerned 
with the “organizing and directing of human activi- - 
ties.” That is, not only are we concerned with 
inanimate materials and inorganic energies, but also 
with the human agencies through which our ends 
are to be attained. 

For our purposes in this brief statement, I should 
like to make some reference to 3 phases or aspects 
under which this broad subject might be con- 
sidered. 


In this address, * 


He urges ‘‘a quick- 
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1. The terminal products of the activity of the engineer. 

2. The raw materials from which such products are formed. 

3. The social and broad humanistic problems which have resulted, 
at least in large measure, from the work of the engineer. 


Regarding the first of these, I shall say only a 
word. We are all familiar with the terminal prod- 
ucts of our own work. If we consider a period of 
only 200 years, say from the time of Watt, we have 
a world made over, at least as to the material content 
of our civilization. If we take a shorter period of 
say 50 to 60 years, we have a world almost made 
over as compared with the material content of life in 
the 70’s and 80’s of the last century. 

My only point in recalling this phase of the work 
of the engineer is to emphasize its magnitude and 
the extent to which it has changed the conditions of 
life: social, economic, and politic. These conditions 
are known to us all; they are a part of our daily life, 
and in what I have further to say, they may simply 
be taken for granted. 

Regarding the second of these, having to do with 
the raw materials comprising primarily the various 
constructive materials and energy, by some com- 
bination of which this transformation in the condi- 
tions of life has been brought about, some more 
extended word may be appropriate. 

So far as the constructive materials of engineering 
are concerned, I shall, in the present admittedly 
brief and incomplete survey of the subject, refer only 
to the inorganic constituents of the earth’s crust and 
outer envelope—in particular, to the mineral and 
metallic constituents of the earth’s crust. So far 
as sources of energy are concerned, I shall refer only 
to heat as drawn from carbon and hydrocarbon 
sources and to falling water. 

We must view the constructive materials as a 
bank deposit, not one drawing interest, but one out 
of which we are gradually and surely exhausting the 
principal. Only in part can our more important 
structural materials, e. g., the ferrous compounds, be 
used over and over. Even with such multiple use, 
there is loss. We cannot completely capture the 
products of disintegration and reconstitute them into 
useful products. Neither is nature, so far as we can 
determine, now engaged in the enlargement of her 
initial deposits. The result is a gradual but con- 
tinuous loss of our principal; and to that process, 
there is but one end—ultimate exhaustion. 

The same is true with our carbon and hydrocarbon 
deposits used as a source of heat and transformed 
by our thermodynamic processes into useful work. 
We are gradually but surely exhausting our coal 
deposits and our provision of petroleum and natural 
gas. 

Falling water—that is water caught up by the 
sun’s heat into the upper air, carried over the high 
places of the earth, precipitated and caught and 
allowed to flow through our power-producing mecha- 
nisms—is the only source which partakes of the 
character of an annual dividend. Presumably as 
long as the sun radiates heat as at present, so long 
may we count on this seasonal or annual dividend, 
representing, as it does, a small bit of the energy 
which the sun is constantly radiating off into space 
and which, indeed in the end, will (in the absence 
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of some cosmic interference) reduce that star to 
cold dead state. The picture is not a cheerful or 
and I shall not dwell on it. In a sense, all on 
materials of construction and all our sources | 
power come from bank deposits which seem to | 
subject to inevitable and continuous depletio 
Only in the case of falling water, among the source 
of present practical importance, do we seem to reac 
out to sources which lie outside the earth itself. 

All of this, of course, is well-known; but whi 
well enough known, the question may at least | 
asked whether we, as engineers, have given the fac 
the weight which their significance deserves. W 
in a sense, have appointed ourselves as custodians « 
these deposits. They constitute a trust. We cat 
not evade the responsibility for their wise and effe 
tive use. Have we in the past and are we no 
living up to the full measure of this responsibility 
We can hardly, I think, answer in the affirmative. 

However, two things may be said in attempte 
attenuation of our fault. First, for some of the: 
deposits, the quantity is so large and anything ay 
proaching exhaustion is so remote that there is n 
occasion for worry; and in any event, new or sul 
stitute sources may be found long before such 
condition begins to make itself felt. 

While the supply in some cases may be large, «¢ 
for example in coal and in iron ore, it is far from th 
same in other cases, as for example petroleum an 
natural gas. But, again, here come newly devise 
techniques for the transformation of coal into proc 
ucts similar to those which we now derive by prefer 
ence from petroleum or natural gas. All of thi 
however, only serves to put forward the evil day 
and these or like excuses form, in the last analysi 
no valid justification for needless waste. The us 
of heat in the development of useful work is a one 
way street. In order to transform a part of tk 
heat into useful work, we must let down anothe 
and larger part from a high level to a low; and onc 
at the low level there is no way of restoration to tk 
higher level whence it came, except indeed, by th 
letting down of a still larger quantity to the lowe 
level. Here the second law of thermodynamics in 
poses its rule—the ever-increasing entropy of 
thermodynamic system. 

Much the same is true with the useful structur: 
materials. Their utilization involves, at least 1 
some extent, progress along a one-way street, marke 
by the inevitable loss of some part of that which v 
wish to preserve and use. As to new sources « 
energy, perchance the use of organic wastes or < 
organic material grown or prepared for the purpos 
or again the direct heat of the sun or the intern: 
heat of the earth, or again the internal energy of tt 
atom, I make no present count. 

The practical, efficient, and economic use of an 
of the first-mentioned sources, in substitution fe 
those which we are now employing, seems difficul 
and the possibility of our ever finding the key f 
unlocking the stores of atomic energy and of devisir 
methods for its safe control seems remote. In an 
event, in none of these possible substitutes do v 
find excuse for waste in our present sources of suppl 

Again, as an excuse, it may be urged that tl 
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economic and wise use of the materials and agencies 
of nature is only in part the responsibility of the 
engineer. Such matters are more widely the con- 
cern of the public at large; of the law makers; of the 
moulders of public opinion. This is perhaps true, 
but we, as engineers, can scarcely find here an ade- 
quate alibi for failure to take our own share in 
all efforts directed toward the development of a 
wise and forward-looking policy governing the 
use of these gifts which nature has placed at our dis- 
posal. 

And who is there outside of our own guild likely to 
understand the significance of waste in the use of the 
gifts of nature, and the end toward which such waste 
inevitably tends. We cannot escape the fact that, 
in a direct sense, we are responsible to society at 
large and to future generations for the wise and eco- 
nomic use of these gifts of 
Nature in the development and 
utilization of which we are now 
engaged, as our share in the 
work of the progress of civili- 
zation. If society needs to be 
awakened, if new laws are 
needed, we must remember that 
Wwe are more than engineers; 
we are members of society and 
members of the body politic. 
We must take our part in 
arousing society and our due 
share in the work of framing, 
enacting, and enforcing salutary 
laws and regulations looking 
to the ends which I have in- 
dicated. If we do not, it can 
hardly be expected that others 
will. In this way lies plainly 
the open path of duty for the 
engineer. 

May we now turn to a con- 
sideration of the social, eco- 
nomic, and political problems 
which have been, shall we say, 
a by-product or at least an out- 
growth of the work of the 
engineer? 

We have already seen that through the co-opera- 
tive work of the scientist and the engineer, the world 
has, in a material sense, been made over. The enu- 
meration of details is not necessary. Compare the 
material content of our civilization of the time just 
preceding James Watt, 200 odd years ago, with the 
present; or again, that of the period just following 
the Civil War between our states—within the mem- 
ory of many of us—with that of the present time. 
In a large sense, the external world is new; but have 
we made commensurate and parallel progress in the 
adaptation of ourselves to these new external con- 
ditions? A changed world externally must call for 
adaptations especially in our nervous and emotional 
systems, to all these new appeals to interest and 
stimulus. There is here needed a growth in wisdom 
directed to the most beneficial use of these new con- 
ditions of life. We*may indeed ask if we have 
grown in wisdom in the use of these new products of 
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science and engineering, commensurate with the 
conditions themselves, which these new products 
have brought about. 

It would be a brave man, I believe, who would be 
prepared to assert and defend the affirmative. If 
we mean by wisdom, a sense of values, an apprecia- 
tion of the significant and abiding as contrasted with 
the insignificant and transient, a capacity for effec- 
tive judgment based on accurate analysis of the 
elements into which our problems resolved them- 
selves—then we can hardly say that we are wiser than 
our fathers or our grandfathers, or even wiser than 
those of centuries long gone by. We have enor- 
mously more information, but that is a different 
thing. 

My question in brief is whether the world of today 
is indeed as well-adjusted to the material con- 
tent of our present civilization 
as was that of, for example, 
50 .or 75. years. ago, to the 
content of that day and age. 
This new environment, these 
new conditions of life which 
have been brought about by 
the material advances of re- 
cent times have brought with 
them new and pressing prob- 
lems, social, economic, politi- 
cal, and international. The 
time available admits of no 
discussion in detail. The dis- 
placement of human operatives 
by mechanical agencies, the 
tendency toward the concen- 
tration of populations in large 
centers, the problems of capital 
and labor, the new conditions 
and agencies of warfare—these 
are only examples. 

Now what is our responsi- 
bility as engineers with regard 
to these problems? It is clear 
that the responsibility is not 
ours alone; but it is equally 
certain a share is ours because 
here again no class or stratum 
of society stands nearer to the source of these 
problems than do we who have shared in the cre- 
ation and production of their causes. We cannot 
evade the responsibility which rests upon us to take 
our due share, even the lead, in the study of the 
problems which our own activities have, in a large 
measure, developed. 

What I am urging is a quickened sense on the part 
of the engineer, of his responsibilities, not alone in a 
purely professional sense, but as a citizen of his com- 
munity, of his state, of his country, of the world; 
a responsibility in the fulfillment of which he will 
take such part as he may in the earnest study of 
social, economic, and political problems, and in par- 
ticular of the special conditions which his own activi- 
ties have brought about, to the end that we may 
attain some better condition of balance as between 
the material content of our present-day civilization 
and the uses which we are making of it. 
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applications of new _ lighting 


effects were the large pylons of 


polished corrugated metal flank- 
ing the main east and west axis 


(Right) This display featured the 
lighting attractions that other ex- 
positions have made so well 
known—singing color fountains 
and large double-silhouette sign 


1304 


(Above) Noteworthy among the 


Some Lighting Features 


S THE 1936 Great Lakes Exposition in Cleve 
Ohio, closes, it will be remembered primarily 1 
entrancing nighttime aspect. Although but 5 mont 
the making, the close co-operation of architects and il 
nating engineers resulted in the application of lig 
many new and interesting ways. 

Outstanding of the many eye-catching spectacle 
the main vista with the Hall of Progress on one sid 
Automotive Building on the other, and the always |] 
Firestone display at the end. Contributing to this co 
scene were the 24 architectural pylons illuminating a 
as decorating this main axis. The pylons consist 
polished corrugated metal curved to form a backg: 
for the lamps which were concealed in the vertical s 
Clear 40-watt tubular lamps were employed and the 
from them was reflected by the corrugated metal 
series of wide bands. Natural-colored green 40 
lamps were used to produce sparkling spikes of lig 
contrast with the white. The principal illuminatio 
this area was furn 
by the luminous pan 
the sides of each fp 
Each pylon was equ 
with 12 75-watt it 
frosted lamps and 
deep cavities were 
with sandblasted r 
glass. 

At each entrance 1 
Hall of Progress, 2 
ern pylons challenge 
tention, especially 
night when their 
beauty was evident. 
pylons were illumi: 
by lamps concealed 
bands, which them: 
appeared in silhon 
Each pylon housec 
40-watt inside-fr 
lamps on 8-inch ce: 
The fins at the top 
each indirectly light 
3 500-watt General 
tric exposition type - 
lights. 


(Left) Main entrance to 
exposition grounds 
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ie Hall of Progress was distinguished by 2 command- 
entrances, each of which was composed of 7 large 
ter treatments of painted corrugated metal. Each 
ter was lighted by a vertical trough carrying 25 
att inside-frosted lamps on 26-inch centers. The 
ghs provided an interesting silhouette effect. The 
ters are decorated in yellow and white which con- 
ed favorably with other illumination in this area. 
rminating this uniquely lighted avenue was the 
stone Building. This building had lighting features 
other expositions have made so well-known—large 
yle-silhouette signs and singing color fountain. The 
was built with 3 planes with lamps behind the first 2 
es. The front plane face was lighted in amber con- 
ally changing in brightness, while green and blue 
izing in intensity was used for the 

‘plane. A sequence circuit control (Right) Pylons on 


ided the change. From any view- the entrances to 
oint the letters appeared to shrink __ the Hall of Prog- 
swell with the changes in bright- ress were modern 
. The 6 General Electric fountains in design and 
each lighted by 2 red 250-watt, 2 appealing in 
n 200-watt, 2 amber 150-watt, and character 


ue 400-watt Mazda lamps. By 
ns of a unique electric control de- 
_ the brightness of the lamps in the 
sarwater projectors react to the 
1, tempo, and volume of the music 
dcast from the loud-speaker sys- 


utstanding among the concession 
lings was that of the Highbee 
ipany, modern in design and 


(Above) The main entrances to the Hall of Progress were 
distinguished by painted corrugated metal pilasters lighted 
by troughs which appeared in silhouette 


(Left) Silhouette strips and letters lighted in mobile color 
made this building one of the most outstanding of the 
exposition 


lighted in mobile color. The octagonal tower was 
lighted with 8 troughs, each carrying 3 color circuits. 
Four of the troughs concealed the letters Higbee 
which appeared in silhouette. Other indirect light- 
ing completed the picture. 


Contributed by AIEE committee. on production and application. of light, 
A. L. Powell, chairman. 
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Lightning Investigation 
ona 220-Kv System—Il 


Further investigation of the lightning per- 
formance of the circuit formerly known as 
the Wallenpaupack-Siegfried line is re- 
ported in this paper, which presents meas- 
urements of structure currents as made by 
surge-crest ammeters and additional data 
on the effect of counterpoises and ground 
wires. 


By 
EDGAR BELL 


MEMBER AIEE 


Pennsylvania Power and 
Light Company, Hazleton 


ae RESEARCH has been 
conducted for the past 10 years by the Pennsylvania 
Power and Light Company and the General Electric 
Company, chiefly on that portion of the Pennsyl- 
vania-New Jersey 220-kv interconnection circuits 
between Wallenpaupack and Siegfried, Pa. This 
circuit, formerly known as the Wallenpaupack- 
Siegfried line,'? is of single-circuit flat-top steel- 
tower construction. No changes in line construc- 
tion were made during 1934 or 1935. About 37 
miles of line is unprotected by overhead ground 
wires, 24 miles of line has 2 conventional aluminum- 
conductor steel-reinforced overhead ground wires, 
and 3.8 miles has special lightning-stroke diverting 
cables.* A 2.6-mile section with overhead ground 
wire over High Knob was provided during 1929 with 
a continuous buried counterpoise, and during 1930 
and 1931 towers in the remaining 21.4 miles were 
provided with 4 buried crowfoot or radial tower- 
footing grounding cables 50 feet long. The purpose 
of the counterpoise and crowfoot ground cables was 
to reduce tower-footing resistances and improve line 
performance. 

This paper will be devoted chiefly to measurements 
of lightning current in structures by means of surge- 
crest ammeters,‘ and to line performance, and deals 
only with the section of line between Wallenpaupack 
and Siegfried. 

Records of insulator flashovers, line tripouts, 
magnetic oscillograms, and surge indicators? have 
been kept regularly. Lightning stroke recorders 
were used until 1936, but the results being similar to 
those previously reported? are not included here, nor 
are records from lightning severity meters.? Refer- 


A paper recommended for publication by the AJEE committee on power trans- 
mission and distribution. Manuscript submitted September 24, 1936: released 
for publication October 15, 1936. 


1. For all numbered references see list at end of paper. 
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ence will be made only to the method of locating lit 
tripouts® by means of ratios of the dynamic curren 
flowing at times of faults. 

By surge-crest ammeter is meant a method 
measuring the maximum or crest value of lightnit 
currents. Technique includes use of small lin! 
capable of being magnetized by electromagnet 
fields, and retaining a definite proportion of the 
magnetization for long periods after the field hi 
disappeared. In practice, links are supported - 
nonmagnetic brackets near to tower legs or oth 
conductors which may carry lightning current. 

After storms, links can be tested in the field « 
replaced by unmagnetized links and measured at ar 
convenient time and place. The intensity of ma: 
netization and direction of polarity can be interprete 
in terms of the crest magnitude and direction of flo 
of the transient lightning current. 

During 1933 surge crest ammeter links were su; 
ported at distances of 2 and 8 inches from tower leg 
During 1934 the sensitivity was increased by movir 
the links one inch closer to the tower. In additio: 
about half of the 311 towers were provided with 
brackets instead of but one; also special bracke 
were applied to the High Knob counterpoise. Linl 
were supported at distances of 11/, and 4 inches fro1 
the center of the number 2/0 conductor. Bracke 
were installed at distances of 3, 100, 200, and 3( 
feet from the nearest tower leg, and on both sides « 
a tower. Seven towers were equipped. Durir 
1935 the number of counterpoise installations we 
increased from 56 to 104, and the entire 13 spar 
were equipped. Also, one crowfoot cable only 
50 towers (a distance of about 10 miles) was pr 
vided with a similar bracket located at the mid-poir 
of the 50-foot cable. 


LIGHTNING CURRENT MEASUREMENTS 


During the period 1933-35 a total of 282 registr: 
tions of tower-structure currents was obtained at 1£ 
towers, and 135 registrations from buried counte 
poise or crowfoot ground cables. Of the 124 recor 
of tower current, all 32 registrations during 1933 we: 
of necessity from single-leg installations. Durir 
1934 and 1935, 20 and 72 records were from 1-le 
and 4-leg installations, respectively. These latter ’ 
records were composed of from 1 to 4 registratior 
per tower. 

In magnitude, structure-current records range 
from a trace (about 1,000 amperes) to about 55,00 
amperes and the maximum probable stroke curret 
was about 110,000 amperes. All structure curren 
save a very small one have been of negative polarit 
that is, from negative cloud to positive eart 
(During 1936 a few very small positive records hay 
also been obtained.) Of the structure curret 
records, 66 per cent have been less than 10,0( 
amperes in magnitude, and only 11 per cent e 
ceeded 30,000 amperes. For this line the ve 
severe currents occasionally registered on oth 
systems have not been experienced. 

It is impracticable to present a table showing < 
124 structure current records as well as counterpoi 
currents; accordingly, only those 44 records 
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SIEGFRIED ,PA. I-O 


SUBSTATION 


CKM 


TO PLYMOUTH MEETING, PA. 


Fig. 1. Schematic discraine of, Wallenpatpack-Siegfried line and Bushkill- 
Delaware River addition 


A—Conventional overhead ground wires in- 
stalled during summer of 1927 from Wallen- 
paupack to WT20-2, and from Siegfried to 
SR5-3, and in 1932 from Bushkill to Delaware 
River 

B—Lightning laboratory installed at Wallen- 
paupack during spring of 1928; expanded 
during 1929 and closed that fall 

C—High speed recording ammeters installed 
at Wallenpaupack and Siegfried in 1929, to 
measure line residual amperes during line faults 


D—Six voltage-measuring antennas installed 
at Wallenpaupack in 1929 and 5 antennas at 
4 other locations during 1930, each equipped 
with a surge voltage recorder. 
after 1930 


resistance hill) 


F—Crowfoot ‘counterpoises ~(4°:50-foot 


DECEMBER 1936 


Not used - 


tower-footing grounding cables) installed on 


19.5-mile section of line with overhead ground 


wire ‘in. summer of 1930, and. on 4.5-mile 
section with overhead ground wire in spring 
of 1931 

G—Lightning stroke diverting cables (specially 
designed overhead ground wires insulated 


‘from’ top of structures, guyed to earth, and 


bonded back to tower footings through extra- 


-.long-crowfoot counterpoises) installed in sum- 


mer of 1930 


‘H—Lightning laboratory installed at tower 


SR23-4 in Cherry Valley in spring of 1930, 
and closed that fall 


Lightning stroke recorders installed on 


every structure. of’ line’ between Wallen- 


-,paupack and Siegfried during 1930. A few 


“installations made during 1929. During 1932 


installations were made on Bushkill-Delaware 
River section 


J—Surge (flashover) indicators installed on 
each insulator assembly from Wallenpaupack 
to Siegfried during 1930 and from Bushkill to 
Delaware River during 1932 

K—Thyrite lightning arresters of 20 units in- 
stalled on W phase at Wallenpaupack and 
Siegfried line dead ends, 1930. Removed 
during winter of 1931-32, redesigned, cut 
down to 16 units, and installed at Wallen- 
paupack on W and Y phases, spring of 1932 


L—Hull gaps (experimental lightning arresters) 
installed on W and X phases at Wallenpaupack 
dead ends, and on W phase at towers from 
SR23-2 to 24-1, 1930. Removed, fall 1931 


M—Iwo magnetic oscillographs installed at 
Siegfried in 1930 to record phase and line 
residual currents, voltages, etc. 


N—Lightning severity meter installed near 
tower SR23-4 during 1930 and at antenna 
sites during 1931, as well as at locations 
distant from this line 


O—Pipe lightning rods installed at 5 towers 
from W112-2 to 12-6, and at 5 towers from 
SRQ3-2 to 24-1, 1931. Each rod was insu- 
lated from structure top and grounded through 
a resistor, across which was a lightning stroke 
recorder to measure ohmic voltage drop 


P—Overhead ground wires at towers from 
WT112-2 to 12-6 insulated from tower tops, 
cross bonded, and grounded through resistors. 
At each tower the resistor was shunted by a 
lightning stroke recorder to measure ohmic 
voltage drop 

Q—High-speed recorder installed at Wallen- 
paupack in 1931 to record phase and line 
residual amperes 


R—Experimental expulsion protective gaps 
installed on W phase at 5 towers from SR23-2 
to 24-1 replacing Hull gaps during spring of 
1932. Removed in spring of 1934 

S—Links for surge-crest ammeter installed at a 
few towers during 1932 and at every line 
structure during spring of 1933. During 
1934 about half of the total structures had 
brackets installed on all 4 legs instead of but 
one 

T—During 1934 surge-crest-ammeter brackets 
installed on continuous counterpoise between 
W1192-1 and 13-1. During 1935 installation 
was completed from W111-4 to 14-1 


U—During 1935 surge-crest-ammeter brackets 
installed on one crowfoot cable from WT6-1 
to 11-3, inclusive and from WI14-2 to 18-4, 
inclusive. During 1936 24 structures, mostly 
within these sections, had additional ground- 
ing cable added, and 3 additional surge-crest- 
ammeter brackets on new and existing ground- 
ing cable 

V—Expulsion protective gaps installed on W 
phase at 10 towers from SR8-1 to 10-1, inclu- 
sive, in fall of 1935 

W—Surge-crest ammeters installed on light- 
ning rods at towers from $R23-2 to 24-1, and 
from WI112-2 to 12-6, also on overhead 
ground wires at latter towers, 1936. All 
lightning stroke recorder-resistor installations 
remove 

X—Transpositions at these points. Phases 
change as follows (from Wallenpaupack to 
Siegfried) YXW to YWX to XYW to WXY 
Y—Surge-voltage recorders installed at vary- 
ing locations.and in varying numbers from 
1926 to 1932. Locations not shown 
Z—Wallenpaupack-Siegfried line placed in 
ee in spring of 1926. Bushkill-Roseland 
line added ‘in spring of 1932 
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magnitude 10,000 amperes or greater are shown in 
detail in table I. The remaining 80 records are 
summarized in magnitude in table II. 

Strokes to overhead ground wires and strokes 
which directly contact grounded structures seldom 
cause insulator flashover unless the currents and 
tower footing resistances are large enough to result 
in a dangerously high potential of the tower footing. 


When only one bracket is installed on a tower, tt 
registration is multiplied by 4 to obtain the probab 
total structure current. This procedure is a logic: 
one, but must occasionally result in errors. Whe 
the total current is small, registrations may not occt 
on all 4 legs and when the current is large the di 
tribution between legs may also be unequal. Tab 
IV illustrates this, and shows why the accuracy «¢ 


Table la—Surge-Crest Ammeter Records of 10,000 Amperes or Greater—To Unprotected Line or to Structures on Whic 
Overhead Ground Wires Terminate 


Total Surge Number 
Structure Indicator Insu- of Tower 
Item Line Tower Current, Footing Product Oper- lators Leg 
Number Year Name? Number Amperes Ohms RIX1073 ated Flashed Brackets Remarks 
ho eee Sireare « SR a: 9-4. ous —54,400..... DR sates 15205... Ves VeSi wu... fe Two-phase flashover involving towers 9-2, 9-3, 9-5 and 10-1 
eee ian BO iatmtace SR Bat es eerie = 51,000......:. O48 seme T7405 se Vesia.ae Ves, sac. | eee Three-phase flashover at single tower 
Sn aioe BI336 4) ain Ress one 8-4..... —49,000..... PAU be 3 OS Onesie. Nossa No.. LORI 0 Stroke to single tower 
Array ors Ss resect SR saa 21-2. 2... —42,000..... PV seveics 84002 ow. Yes tae INOv ace i aera Stroke to single tower 
Nes S8ies% + SSRs ss + 19-3..... —40,000..... Aye ace 180050. 3. Yeseae Viees cs. Decent Three-phase flashover at single tower 
Gerad. or: A069 Bor apetorr Sy fa ee « —36,000..... D8 lea. te PINS anes Yess iar Wes. Lee Stroke to this tower also caused flashover at next tower 
iC uisiere SOM as SR ic 8322 oa —30,790..... 18). care DOoRE ra. No}. gees IN OWne. (4¢caie ae Stroke to single tower 
Sa at oh Nee tetera SRieies's Llc —30,000..... VEAL S40 Fn Vest see iY eS tae. Wi Seats Two-phase flashover at single tower 
his ora Sores SRE vec O38 serene —28,850..... 28 cane SHO ss ce Ves! eee WieScvatic Cs Mare Two-phase flashover—see item 1 
LOM ss Bien SR saa 13-4. 05 —25,600..... S38 Wf amene Yes) aaa Viesimer 10S here Two-phase flashover involving towers 12—6, 13-1, 13-2, 13-3, 13- 
Re are Blac aiere SRi satires 13-6¥ia. —24,600..... 4D sae 1080054..2 VCS ae UNO; srieeslts 576); See item 10 
YD Pike le Sonn SR ev ihereiets 28-5 ats —22, 180... «=. 3Olnnen S05). INOW ees NOW meee os cna See item 15 
Be cts caaseth arity elon IW Dna 28-4..... —19,490..... MPs pers ewer No. aeae INOpcien es , Associated with stroke to overhead ground wires at Bushkill 
14 ee ese Ohiseie one SIR Ar eeatert VO=3): cee. —18,600..... SOR iat: 560k ee SVieSs eae BVCS oye. Bie) cits Single-phase flashover at single tower 
ML BP egers hers Batale aie 5 SRistccse 23-4..... —18,150..... 23: ee we. AD ONE: opt WES ete MOSet es Ce een Stroke divided between 23-4 and 23-5, but 23-5 insulators nx 
flashed 
PO Rois ODreaie ts RR eet Ba Bieta as —14,870..... BS elas C0 et. Ves: eh oz PUT fe Aree: ot Stroke divided between 5-4 and 5-5; see item 25 
WY fo Pepe anes niin SR oes Veo Dara =13,280., «d. ty eee W220i. stole No + Serene: eae Single-phase flashover at 7-1 and 7-2; see item 24 
ES ra we Sonia. Ws cane 28-4..... —12,000..... Licenses L228 Ves: gaze V@Siieniene DS Fes Associated with stroke to open line between 28-3 and 28-4 
TO Reystse: Bovina: SR aan: Woah sieves —12,000..... Lee Secs: TAO ana Ves.toek Ves foe 1 
ZO Sheen Babich ents SR ss Sa1e os —12,000..... S4a sean AO oy VES Gr Ves votes ae Single-phase flashover at 8-1 and 8-2 
eee eran ahinoons SORAeie ne 9-2..... — 1200072 LS: tase 180. ou. INGOs a cece Py weeter aOR Single-phase flashover at 9-2 and 9-3; see item 28 
DEEN teas SR abo OR 24-2..... —12,000..... ZO nevoted: ZA ais Vestreersus Vespers eas Single-phase filashover at 24-1 and 24-2 
QStre k en. Silo droits SRetercue os BY OES ae —12;000....... USB coae 1605... No > Nowaneer | er Stroke to single tower 
DAN a te ¢ Sowers SRieeaot: ie Ones —10,970..... Psa, B UGIUE 26.6. INO. Sor Yesssenr Ce See item 17 
SASS enor SES clean SR: Co Sages —10,830..... 15 sister e 165pew ee Ves..aent Vesa NS oan See item 16 
2G etre cs BOte at. SR a ake a ae —10,250...... Vectece. WED ayes a AAR, No. .4.....See items 1 and 9 
Dita tatts is SOR eeu SRisciee 36-4..... —10,080..... ‘SO ae renee 505% WES ctets Veswcor Br hii Single-phase flashover at 36-4 and 36-5 
oN BBLS Sarnia: SRiws. a Le ments —10,000..... ACTS a aa SO ste petens Mest ans Verner i hae ae See item 21 


# SR—Siegfried-Roseland; WT—Wallenpaupack tap. 
* In these cases both inner and outer links registered greater than traces. 


In all other cases some or all of the outer links registered traces or zero. 


Table lb—Surge-Crest Ammeter Records of 10,000 Amperes or Greater—To Overhead Ground Wire Structures 


Total Number Former 
Structure Footing Surge of Tower Footing 
Item Line Tower Current, Resistance, Footing Indicator Insulators Leg Resistance, 
Number Year Namef# Number Amperes: Ohms RIX 1073 Operated Flashed Brackets Ohms 
iE Sy cher areas SOS arracatccars Wilco oeeonae 8-5. —40,000 FY foe ris oa ORE DAU 3 ae NOM fayscaraieretct: ING eerste it 
Dusen iad SOI 34. PEW Liens yareh cee yss 12-3 — 38,700 =) a aetiet ates DOr ae moet es Ves acupnerc ck: INO Semen 4 ocGgrstametoter 87 
Sere Sve § 33. SSR. Seen Dela cee Monin tie 58,0005 ae ste cae 1B igiaeiases vA Vay A ee hae Vesetcterpacstans No. 1 
WS Se Net ay arate 33. SGNER te rete ik shed 2-4.. — 36,000 SO abrctarsiocd et BOO ral avecsnerssos WO crtertusteaane IN Gasser: 1 
AI Vee Ee nS 33. Er e.ae Sales 4-4.. — 35,000 a Os CUCUGR ee 2 Nowa eINEIN O istalorsye-sreteha: 1 
Oa rare is SOM Stipa OW cant heats 8-4... = SD OOO stiiaie ee be Pea ec, a ORE 722.) ete pee No SPIN Oivesitoa Gas 1 
fe Se, mec reer OL Beaters Seas SR ioe sual 2-2.. = 30; 2000 2..06 ofan TS Sererereterstare SOE acti o No} Sageaensee INO? aes 4 
8s chron eaoreed 34.. OW ec dectiea oxere 12-5.. — 22,100 BETES Src ce HAH AO stoner as No. ee IN Osi Narlstacoteiete Bh ® Neleasuel orate 80 
OGRE we Patan 35.. BSA W tk oyna choxs ok i be: PPE on ero — 18,800 UASeo colo oS PU anckes tei ys. VesSutenmerae INOs. ce iseisiee rare COO ic 95 
ROM Gre tevtag 34.. See hl by, ee eee 12-2.. — 17,900 Me AO no Got cde DASE Se pears ae W6Sitecc creer INO ssttetrerr 4 ckacheetee 50 
ik Cipeeser art By ee ee ator Wilner 12-1 — 15,700 1 xobetaresesce 20 se fees Noes vans INoWadaee eae BN Sete Setonee 85 
MD Rete relate ote 35.. ste Wie tevce sis 5% 12-2 ool Ee tt eee ey oc Ue a sd sta:.o:s aR peek a INCOR aetna Info beonea nai CRO nehe 50 
TBP CE io Oritepee BYE eG aaneee Wales. 1-5. — 12,000 Pree by he See enone cee PAVE 6 emt Mes jcnprst INOW aioe 1 
LR SOR areas Bone se watnccters WW Dineen erences rae YS Pen Ete =O 000 ;aea nee PAS SERCO OES PAT OS oh Some INOFepeeene NOn se hoses 1 
Iss Pa a icealate S836 Ee Wadltrat eta iets 12-4.. — OO 00 Rsaase ee AEB eretawonetare 1S eS ea ee NOs taste NoOthis doen Liawhe spate 95 
TORS ocr: Sh Peseacen ci ae SREP em cui 2-5. 10 ;000), sary aero Bt oad eect 0) eee 3 Nossa wees NOs taedeaed 1 


# SR—Siegfried-Roseland; WT—Wallenpaupack tap. 
* In these cases both inner and outer links registered greater than traces. 


Conversely, very small strokes of only a few thou- 
sand amperes, and which occasionally fail to leave 
even a trace of record, are capable of causing insu- 
lator flashovers on unprotected sections of line. A 
few typical examples are shown in table III. 
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In all other cases some or all of outer links registered traces or zero. 


one-leg measurements is less than those from all 
legs. 

When a continuous counterpoise is in use, such < 
the one from WT11-4 to 14-1 connecting 14 towe 
over High Knob, the legs connected to the counte: 
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* 


poise conduct the greater part of the total measured 


structure current as shown in table V. (The letters 
WT indicate a tower on the Wallenpaupack tap.) 


-TRIPOUTS AND FLASHOVERS 


Table VI shows that only 13 towers in overhead 
ground wire sections of line have been flashed over, 


Table II—Numbers of Surge-Crest Ammeter Records of Less 
Than 10,000 Amperes 


—— ne = 


Range of Current, Amperes Number of Records 


TROO OOOO Ee oe ce esteetenalis lakera ite « sucht w.9).< tue Pee eta he uo 16 
AO OUR 2,5.9 0 tere crates henstemre teal bso. NreceVakeeeners axe aie ye Shree ower 11 
OOO KS. OO Omecdet rates tens «ames co s,s CeNme cas seater eren acs ba 7 
SOOO SALO OOF atarercate alex Acktabenss 6 antic eset >, «Sieben a eaanmeane eas 20 
SOOO Se OD 0 eens eene ten sete gs <<, oir Meet) atic tenses eee ceaye = te 5 
Gi0.00=6 990 Oe. ape cress are eitaaavs on tees fousNevanleys late et agaentte 6b 7 
GIUUT EARS riaa As Qo til o Cae a oy ee oem odtion ocoade 6 
3 OOO 8509 Oe iretre hele s aia Mele tetate cel s\si facta lee det ec ietaketemensaveese fe 6 
CHE Ono gotin ac oction anode osc conpbO Oo ony orion 2 
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as compared with 325 on unprotected line. Reduc- 
ing these data to numbers per 100 circuit miles per 
year, the comparison is more striking, namely, 5.7 
compared to 76.8 or 7 per cent as against 93 per cent. 
Of these towers 9, or perhaps 11, were flashed before 
tower-footing resistances were reduced by counter- 
poise or crowfoot cables. All 13 occurred prior to 
1933 and no structure-current records were obtained 


overhead ground wire as against 108 on unprotected 
line. Reduced to tripouts per 100 circuit miles per 
year, these numbers become 1.8 and 25.5, a ratio of 
7 to 93. A rough estimate of the average lightning 
severity for the periods 1926-30 and 1931-35 can be 
obtained by comparing numbers of open line plus 
unknown location tripouts for these periods. The 
numbers are 95 and 69, yet during these periods 
there were 3 and 1 overhead ground wire tripouts, 
and the first 3 tripouts occurred before tower-footing 
grounding was improved, footing resistances being 
98, 43, and 26 ohms. The numbers of phases in- 
volved were 2, 3, and 1 respectively, the 2 higher 
resistance towers suffering multiphase flashovers. 
The stroke causing the 1932 tripout must have been 
quite severe because surge indicators operated at 
3 successive towers, yet only one phase was involved 
at a single (13 ohm) tower. 

Table VIII shows that most open-line tripouts 
involve only one phase: there have been 16 single- 
phase faults (all on open line) where surge-crest 
ammeters have been in use. In most cases the 
recorded structure currents were small. Except in 
one case, the maximum tower-footing potential was 
560 kv with an average value of about 300 kv, and 
the maximum structure current was 18,600 amperes. 
In all but 3 cases insulators were flashed on the same 
phase at 2 adjacent towers. For these 3 exceptions 
structure currents were measured at 2 adjacent 
towers and it seems likely that flashover occurred at 
both towers but failed to mark the insulators at one 
structure. 

There was one case that may be an exception. A 
stroke occurred to or near WT7T27-6 causing a struc- 


Table III—Six Representative Lightning-Stroke Records to Unprotected Line, to Isolated Structures, or to Overhead Ground 
Wires, Illustrating Effect of Tower-Footing Resistance 


Over- Tower Foot- Surge Flashed 
head sing Re- Indicated Insulators 
Case Tower Ground sistance, Structure Product, on on 
Number Number Wires Ohms Amperes Kv Phase Phase Tripout Remarks 

eet SR35-5..... INOw aes 43.... {Nous RMaaisis a /ohoccers s'0,0 x TON EX shaven de 1934, No. 9..... Single-phase fault; 8 surge-crest-ammeter links 

SR36-1..... NCO vata 1Bisacu 2. MeaSitedatmen sks «cits. . Pome wera Kip Ws Selerelethcatis certo aaies per structure, current less than 1,000 amperes 
per structure 

Dea s,s SRT loach INOlcatae Odmatoen: — 3,000..... LOOs 3. be hiGit 0 Ve er atnusns 1935, No. 11....Single-phase fault; small stroke to unprotected 
SR27-2..... INKoraasG DSivern si — 2,000..... Gils .Garea Yor iene Va ieatertctnetete(s eicioctn cue ts nyokers line 

hide 24 SR 9-2..... INO: ier. Wore een —10,250..... UG Os.8 Grae L MeO OOSO6 0 00 Sac 1935, No. 7..... Three-phase fault; severe stroke to unprotected 
SR 9-3..... INGzcertes 2S ae « —28,850..... SIO, Wie 7G ester WG Vict tisocts osseieccels sieeve line 
SR 9-4..... INO See. 28h vcntte —54,400..... a? DA eae Wek oer Ww,x 
SR 9-5..... No SAR. Nex — 7,420..... ZOO sie. W,Y 
SR10-1..... INO2 2. ote LDR ciete — 8,230..... IBID S epee i 

AMT eA.» SR 84..... IN Opa ste cere 20 is suthes —49,000..... SSO esas INone™ sec INOHGA tae. > None ....Severe strokes to single structures showing effect 

of tower-footing resistance 

BR ks SR31-3..... INOe ees. 2 Sa eee —51,000..... W7AO me. v0 Y, W,X...-. Me Ws Soe 589 1933, No. 11? 

MGiere one's SR 2-1..... OSs ores ne 4,000..... 605... None) “icsst Noney <5. None ....Severe stroke to section of line with overhead 
SRE2=2 VCS satires LBs eres 30;2007.... ADOT ost INONE oe scelsieis INGORE si F. i si8 Sie a ovelssasctetn es hors eee ground wire 
SR 2-3... 2 Ves i2% Be ciesc 4,000..... COZ ca: None: "snican None sic: 


but it is known that in at least some cases the stroke 
was severe. 

In table VII are shown line tripouts. Excluding 
2 tripouts caused by faults near Roseland, N. J., and 
about which nothing is known except the tower 
flashed and phase involved, and 56 tripouts whose 
locations have not been satisfactorily determined, 
only 4 tripouts occurred on sections equipped with 
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ture current of 36,000 amperes and a tower-footing 
potential of 2,100 kv. Flashover occurred appar- 
ently from structure to conductor, and at the next 
tower, W728-1, flashover occurred from conductor to 
structure and a trace of current (about 4,000 am- 
peres) was recorded. Just why this stroke did not 
cause a multiphase flashover at 27-6 is not clear. 
Perhaps the structure current estimate of 4 times 
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Table |!V—Structure-Current Distribution in Standard Structures Not Connected to Counterpoise and Having 4-Leg Installation 


<= = = 


Per Cent Deviation From 


Total : 
Item Line Tower Current, Current in Leg 
Number Name? Number Amperes 1 2 3 4 


Equal Distribution 


(a) Records of 10,000 amperes or greater, and in which all registrations of surge-crest ammeter links, both inner and outer, were greater than traces 
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(b) Records of 10,000 amperes or greater, and in which some registrations of outer links of surge-crest ammeter were either traces or zeros 
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(c) Records of 5,000 amperes or less 


Inner Link Reading 
Greater Than Trace, 
Outer Link Reading Trace 


Number of 
Registrations Obtained 


NBS Re tee. nr mee cr hls oc RCRRENT TS SOS 8 es 2 hee eee 
PSs NB SERRA, OP PA SEANicine 2h CaP oH OC) lligce, Sc:5en SR ae Ota 
SJ see N Erman Secor te «ich bi. TOMA ORI GS Witks cou cat ARERR eaevenCmen 

Oia 5 p05. eee iece Beas 


Inner and Outer Link 
Readings Both Traces 


Inner Link Reading Trace, 
Outer Link Reading Zero 
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# SR—Siegfried-Roseland; WT—Wallenpaupack tap, j{ Outer link reading trace only. { Outer link reading zero. 


Table V—Current Distribution in Structures Connected to Counterpoise (Counterpoise Connected to Legs 1 and 2 Only) 


Total 7 Ratio of Currents 
Item Line Tower Current, Current in Leg Total Total 
Number Name? Number Amperes 1 2 3 4 land 2 3 and 4 
(a) Records where all registrations of both inner and outer links of surge-crest ammeter were greater than traces 
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(b) Records where all registrations of surge-crest ammeter from counterpoise legs were greater than traces, but noncounterpoise leg registrations were either 


trace or zero 
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(c) Records where no outer link registration exceeded a trace 
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# WT—Walienpaupack tap. 


9,000 amperes is too great, and possibly the stroke 
occurred to the conductor quite near the tower, per- 
mitting most of the stroke current to flow through 
that tower; if so this case is really similar to all other 
single-phase faults except that the current was 
larger than usual and mostly limited to a single 
tower. 

Table IX presents data for multiphase flashovers 
where surge-crest ammeters were in use. In the 
first 4 cases flashover involved all 3 phases simul- 
taneously and the apparent tower-footing potentials 
agree with accepted laboratory values of 14 and 16 
unit insulation strength. Items 1 and 2 involved 5 
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* Hight other similar records omitted from this table. 


+ Outer link reading trace only. { Outer link reading zero. 


towers each, and were caused by large strokes. 
Items 3 and 4 involved one tower only and. were 
caused by somewhat smaller strokes. 

Items 5 and 6 are very similar and involved 2 
phases only. Item 5 appears to be a simultaneous 
flashover judging from magnetic oscillograms, while 
item 6 is known to be the result of 2 successive single- 
phase faults. Because items 5 and 6 are similar as 
regards magnitude of stroke current and tower foot- 
ing potential, and one is known to be a combination 
of single-phase faults to open line, both will be con- 
sidered to be single phase. It is significant that the 
apparent tower-footing potential was insufficient to 
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have caused a flashover from structure to conductor, 
as was the case in the 15 single-phase flashovers 
previously described. 


COUNTERPOISE AND 
TowER FOOTING GROUNDING CABLES 


The High Knob counterpoise which was installed 
during the spring of 1929 has effectively prevented 
insulator flashovers from occurring on that section of 
line. Prior to its installation 13 towers suffered 
flashover during 3 years time, and at least 2 of these 
towers were flashed after overhead ground wires were 
in use. The largest measured stroke to this section 
of line was in excess of 75,000 amperes and the largest 
single structure current was 38,700 amperes. 

Figure 2 shows the records of 4 strokes of lightning 
which caused counterpoise currents to flow. The 
largest of these strokes was about 31,000 amperes. 
A surprising feature of measurements like these 
(several more have been obtained during 1936) is 
the considerable distance traveled by the counter- 
poise currents. For example, the stroke to tower 
WT12-4 drew current from nearly a mile south, and 
the stroke to towers 14-5 and 15-1 drew currents 
from about a mile and a half away. 

In this diagram each arrowhead or dot on a tower 
leg, or along the counterpoise, represents a surge- 


were obtained as shown in the tower-footing ground- 
ing cables of leg number 2. 

This diagram presents the records left by 4 
separate strokes during 1935. Records from the 
stroke to tower 12-2 further south than shown were 
obliterated by the strokes to towers 12-3 and 12-4. 
Similarly, records from the stroke to tower 12-4 
further north than shown were obliterated by the 
strokes to towers 12-3 and 12-2. Purely to avoid 
confusion the 4 records have been shown on separate 
sections of the diagram. 

Consider the records associated with tower 12-2. 
Beginning at 11-4 an average current of 810 amperes 
was measured. This current increased to 3,240 
amperes before it reached 11-5, and the additional 
2,430 amperes is represented as leaking from the 
earth on to the counterpoise. At tower 11-5 only 
1,450 amperes leaves the tower, and the difference 
of 1,790 amperes must flow up to the overhead 
ground wires; as a matter of fact about 2,000 am- 
peres was recorded by the tower-leg installations. 

In a similar manner the counterpoise current is 
increased in every span except one by leakage from 
the earth, and decreased at every tower by current 
flowing upward to the overhead ground wires. Al- 
though in this instance all 4 strokes were negative, 
records obtained during 1936 show both negative 
and positive strokes. The latter have all been very 


Table VI—Flashed Towers on the Wallenpaupack-Siegfried Line 


—— 


——— 


Number per 100 
Circuit Miles 


Year 
Construction 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 Total Per Cent per Year 
Overhead ground wires*................ (ale Sone aioe GSAS 0 AR cicceis Oe ree 2) totes: O** Wises ce ORFS Ae NS ienetoyeietets oe eras <3! aeseaete 5.7 
Unprotected line***,.......... Magno Coie Al ares (hi iene Rok € Lote ACe a S65 eee LSet omic: Me ro Bite OB ia econ oon BZ ravers SOs seis serene 76.8 
NITRO Wepre ral store [axel kesy «6 5 Oi ats Ura crsts ee a sia Qiicwiatete Osho xamte OP aati O'evearrs Ores ee OFtake ste (UnAcios tc SO Bietes hese bias 8.8 
Miscellaneous................. Ovni uc One ty Pee Rege Ovaites ilps - RE eer Onan: Up cae ene Openers ON reece ys ea 1.0 


* Average mileage, 8.5 years, 26.7. 
** One flashover on overhead ground wire in New Jersey. 
¥*** Average mileage, 10 years, 42.3. 


t Reduced insulation near Wallenpaupack station. 
{ End towers of overhead ground wire sections. 


Table Vil—Tripouts of the Wallenpaupack-Siegfried Line* 
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Average per 100 


Year Circuit Miles 
Construction 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 Total per Year 
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* One tripout on section with overhead ground wire occurred due to fault in New Jersey during the years 1933 and 1935 but not included in original Wallenpaupack- 


Siegfried line. 


** One tripout caused by flashover at WT28-4 (end tower of section with overhead ground wire). 


crest ammeter installation. The direction of current 
flow is shown by the direction of the arrowhead from 
positive to negative, and the crest current magnitude 
is shown by the adjacent figure. The measurements 
from each group of 4 adjacent counterpoise brackets 
have been averaged, and the sums or differences of 
these averages are shown as currents flowing up 
through towers, or from the earth into the counter- 
poise. At towers 14-5 and 15-1 measurements 
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small and might have escaped detection had only 
tower-leg brackets been in use. 

This diagram shows how the counterpoise draws 
current from considerable distances and avoids con- 
centration of current in the earth at the tower foot- 
ings and consequent high tower-to-earth potentials. 

There have been no flashovers to towers equipped 
with overhead ground wires and _ tower-footing 
grounding cables during the past 3 years. The 
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.. structure current measured was 40,000 
amperes. The maximum tower-footing potential 
was 670 kv, which occurred at a tower of 19 ohms 
resistance and with a current of 35,000 amperes. 


SUMMARIZED RESULTS FOR THE 
WALLENPAUPACK-SIEGFRIED LINE, 1926-35 


1. Overhead ground wires intercept direct lightning strokes and 
conduct them safely toearth. Excluding 3 flashovers at end towers 
and 1 at a reduced insulation tower near Wallenpaupack, only 13 
towers with overhead ground wire have suffered flashover, compared 
with 325 on unprotected line. All 13 flashovers occurred prior to 
1933 and no surge-crest ammeter records are available. Tower 
footing resistances ranged from 20 to 116 ohms, with an average 
value of 48 ohms. All evidence obtained during the last 3 years 
verifies the assumption that flashovers on protected lines are occa- 
sioned only by high tower-footing potential exceeding the line insu- 
lation strength. 


2. The continuous counterpoise installed over High Knob during 
1929 reduced tower-footing resistances to very low and uniform 
values, and has effectively prevented any insulator flashovers from 
occurring in that section. During 1934 and 1935 structure currents 
were measured which would have caused at least 2 and possibly 4 
towers to flash over had the counterpoise not been in use (items 2, 
8, 9, and 11 of table Id). 


8. The counterpoise serves to drain charges from a considerable 
length of earth and prevents concentration of earth currents at 
tower footings. In this manner tower-footing potentials are kept 


tures. The maximum stroke current (sum of measured currents in 
adjacent structures) was about 110,000 amperes, but most have been 
much less, and some have been so small that the surge crest am- 
meter failed to give registrations. These latter are known only by 
the insulator flashovers they have caused. 


Table Vill—Phases Affected in Tripouts of the Wallenpau- 
pack-Siegfried Line, 1928-35 


Number of Overhead Ground Unprotected Line 


Faulted Wire Section Section Total 

Phases Number Per Cent Number PerCent Number Per Cent 
Ae = aoe ee cc Sem DO aretovs sas TL 5 Beas 80k eee 7 Sieh gacits 78.5 
PGREOSRS oy si LEX Fs oars 2 Bite eetcivt. LORE Rar ae en A oh le aie 2 11.8 
ine sche GFP Bekvc 2 Sis cateceersta rs Serge Dice. UE Oe oaee 9.7 
Total us AN ene Fek es LOOM seater = 23! ee ae LOO Aa sore O3).ic ose 100 


* Tower footing resistances 26 and 13 ohms. 


** Tower footing resistance 98 
ohms. *** Tower footing resistance 43 ohms. * 


7. Surge indicators have been of great value in locating insulator 
flashovers and in indicating towers which have been struck by 
lightning. 


8. Lightning stroke recorders have also been of use, but their 
records have never been interpreted in a fully satisfactory manner, 
particularly in regard to current magnitude. 


Table |IX—Tower-Footing Potential Associated With Multiphase Insulator Flashovers 


Maximum Number of 
Total Tower 3 Insulator 
Number of Stroke Footing Corresponding Units in Number of 
Item Phases Current, Potential, Footing Structure Flashed Towers 
Number Faulted Amperes Kilovolts Ohms Amperes Tripout Assemblies Affected 
ME tere ctattas he ecto 6 RB ina la oS eter TOOM1 SO). a"... cree ie. eZ O er tatereger te +s D8 <.trs trans tenons day by KUN Both Gace. oe TOSSWNOWT Wentecderecrokerels V4 Wepalel arsystetoy etek 5 
Drhevere shel aueyetenc Sits sowie C1240 ssh! see wire ESL Ohpiietetesievoreusss B29 icbettele'e Mae teEs ‘A O.0 Olsiete: arcuate L9SaENO: 9) Wantaueoreper ae Pe tanabynotmadoe4 5 
Ste repos eran cn eo sen LOO: & cs erence OU ieis suriclets cess 84 Seon waste Bl, O00 LS .n siccente MOB SiN lL licnsderenshenpatele Lda 16 cee erisiesisveneiare 1 
Trae o Duh Baia ds (5 aaa EO OOO RS «ots sieceusres SOOT su cise a (0.6 45 a5 ooh aha 40;000.%. vse Sac TOSS MINOR Liles eaters teresa e LF ee RA ASI Girccic: 1 
Wie as dccacielacal Zinc « vamepeiaiets SO,000 s 7s sieccmeueits SAO ritetieests 6 8 6 2820s va ieee SOLOO0 vase alvin sis TO84 2 NOM1O aisiamslers cae py ESS rAn aca ste 1 
GEM a tertecneels WRI RE i 5 ao ZO DOO. :6 ve oes otis DOO Satereiats alvle.e 6 LOW eieieisieleie tense S950) c saleaaes TOSS WINGS. Sita eveshetereielee 14 and sl Go imieicsiae sor 2 


* For these items a 3-phase flashover occurred at a single tower. 


Only one flashover caused a line tripout. 


** This fault started single phase at 2 adjacent towers, and involved a second phase on one tower after 5 cycles. 
Tripouts 1 and 4 in 1933 not reported because no surge crest ammeters were then installed. 
Tripout 12, 1933, and tripout 4, 1934, omitted because flashovers occurred at mast structures where surge-crest ammeters do not operate satisfactorily or yield 


more than traces of current, if any. 
All of these records were from open sections of line, 


to low values and even large lightning strokes are unable to catse 
flashover from tower to line conductor. 


4. Tower-footing grounding cables, or crowfeet, installed during 
1930 and 1931 reduced tower-footing resistances by about half. 
Since then 2 or possibly 4 isolated towers have suffered flashover, 
all involving one phase only. At 2 towers the flashover involved 
the middle phase only, which has only 14 units of insulation (2 less 
than the outside) but the time of occurrence is unknown. In the 
first certain case a severe stroke occurred causing surge indicators 
to operate on 16 unit assemblies at 3 successive towers but insulators 
were found burned at only one. This flashover caused a line tripout. 
In the other certain case all 3 assemblies have uniform 14 unit 
insulation, and this flashover has not been correlated with a line 
tripout. 

5. The lightning stroke diverting cables installed during 1930, and 
which are specially constructed overhead ground wires with an 
extensive buried tower-footing network, have effectively protected 
the 18 towers which they cover. 


6. All lightning strokes except a very minor one have been of 
negative polarity, from negative clouds to grounded positive struc- 
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The flashover strengths of 14 and 16 unit assemblies for positive surges are respectively 1,565 kv and 1,775 kv- 
for 1.0x5 microsecond surge, 1,265 kv and 1,425 kv for 1.5x40 microsecond surge. 


9. During September 1935 10 single-phase installations of expul— 
sion protective gaps were made on 10 successive open-line towers. 
No results were obtained during the remainder of that season. 


10. The method of locating faults by means of the ratios of dynamic 
fault currents has been of great assistance in permitting the various. 
data pertaining to a lightning fault to be correlated. 
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Electronic 
Transient Visualizers 


Cathode-ray oscillographs, a few years ago 
found only in research laboratories, have 
become extremely useful tools in the hands 
of operating engineers, research techni- 
cians, and teachers alike; however, the 
usefulness of cathode-ray oscillographs of 
the ordinary portable type is limited almost 
entirely to the observation of sustained 
periodic phenomena, and is of little use in 
the study of transients. Methods of ex- 
tending the field of application of this in- 
strument to include visual observation of 
circuit and line transients are presented in 
this paper. 


By 
HERBERT J. REICH 


ASSOCIATE AIEE 


University of Illinois, 
Urbana 


Ls IMPORTANCE of a complete 
understanding of the transient behavior of electrical 
systems results in the need, both in the commercial 
laboratory. and in the class and lecture room, of 
simple oscillographic equipment for the study of 
transient phenomena in circuits and lines. The 
ordinary portable cathode-ray oscillograph employ- 
ing a relaxation oscillator to provide a linear time 
scale is entirely satisfactory in the observation of 
sustained periodic phenomena, but is of little help 
in the study of transients. Extension of the field 
of application of this instrument to include visual 
observation of circuit and line transients greatly 
increases its value. This can be done by the simple 
expedient of repeating the transients in synchronism 
with the sweep voltage. A “transient visualizer” 
that accomplishes this result by means of a relay 
opened and closed by the sweep oscillator has been 
described by the author. Although this device 
functioned well at low frequency, it had the limita- 
tions imposed by relay inertia and contact chatter. 
Experiments then in progress on the replacement of 
the relay by a vacuum-tube circuit had not advanced 
sufficiently to justify a detailed description at that 
time. The present paper describes several types of 
electronic transient visualizers that have been 
evolved from the original circuit. 

Before proceeding to a discussion of particular 
circuits it is important to note that the function of 
the transient visualizer is merely to initiate a tran- 
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sient at the beginning of each sweep of the luminou 
spot across the fluorescent screen, either by closin; 
or opening the transient circuit. In order to be o 
most general applicability it is essential that th 
device should have the characteristics of a switch 
at least during the initiation and duration of th 
transient. It should not in itself possess inductance 
capacitance, or resistance, and should not affect the 
behavior of the transient circuit for the duration o 
of the transient. This requirement immediately 
prohibits the use of devices in which the charge o1 
discharge of a capacitor or inductor is inherently 
associated with the action of that part of the switch 
ing device through which the transient current flows 

The 2-tube ‘‘parallel’’ switching circuit,”* showr 
in simplest form in figure 1, fulfills the requiremen’ 
if it is used properly. The circuit employs 2 grid 
controlled arc rectifiers. To understand the opera 
tion of this circuit, it is necessary to recall that the 
grid of an arc rectifier is effective only in preventing 
the tube from firing, and, except at low values e: 
anode current, has no effect upon the value of the 
anode current. Once the tube has fired, anode 
current can be stopped only by removing the anode 
voltage for a sufficient time to allow deionization tc 
take place. The voltage drop through the tube i: 
practically constant at a value somewhat greater! 
than the ionization potential of the gas or vapor 
throughout the operating range of anode current 
and the value of the anode current is determinec 
solely by the external impedance of the anode circuit 
and by the applied voltage minus the constant tube 
voltage drop. Such a tube therefore has the charac- 
teristics of a zero-resistance switch that passes cur- 
rent in one direction only, in series with a countei 
electromotive force equal to the tube voltage drop 
It may be so represented in an equivalent circuit 


Fig. 1. A simple parallel switching circuit 


The operation of the circuit of figure 1 is as follows 
Suppose that the application of a pulse of positive 
grid voltage to tube 1 has caused it to fire. The 
flow of current through R; results in an IR dro 


A paper recommended for publication by the AIEE committee on instrument 
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equal to the applied voltage E less the voltage drop 
Vie through the tube. This charges the capacitor 
C in such a direction as to make the end adjacent to 
tube 1 negative. The application of another pulse 
of grid voltage of such polarity as to make the grid 


Fig. 4. Transient visualizer circuit 
based upon the parallel switching 
circuit of figure 1 


Numbers beside symbols indicate values 
of circuit constants in ohms and micro- 
farads, except where specifically desig- 
nated otherwise 


Vi, Va—Type FG-67 thyratrons or type 
885 gas-dischargz tubes 

V;—Type 58 pentode 

V.—lype 885 gas-discharge tube 

V;—Type 56 triode 


of tube 1 negative and that of tube 2 positive causes 
tube 2 to fire and lowers the voltage of its anode 
from E to Vig. Since C cannot discharge instan- 
taneously, the anode voltage of tube 1 must also be 
lowered by the amount H — Vag to the value 
—(E — 2V.z). Because the tube passes current in 
only one direction, this negative anode voltage stops 


Fig. 2. An equiva- 
lent of the paral- 
lel switching cir- 
cuit of figure 1, 
for observing 
starting transients 


Fig.3. An equiva- 
lent of the paral- 
lel switching cir- 
cuit of figure 1, 


for observing 
stopping tran- 
sients 


the anode current of tube 1. The capacitor im-— 


mediately starts to discharge and subsequently to 
charge in the reverse direction to a voltage equal to 
the JR drop in R:, and eventually the anode of tube 1 
again becomes positive. If the time taken for the 
anode of tube 1 to become positive exceeds the 
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deionization time of the tube, and its grid is suffi- 
ciently negative, the discharge will remain ex- 
tinguished. Current can be caused to transfer from 
one tube to the other merely by applying grid- 
voltage pulses of such polarity as to make the 
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grid of the nonconducting tube positive (or insuffi- 
ciently negative to prevent firing) and the other 
more negative. 

If the resistance R, of figure 1 is replaced by the 
circuit of which the transient response is to be studied, 
then the firing of tube 1 will initiate a transient in 
this circuit. That the form of the transient will not 
be affected by the switching circuit can be seen by 
an examination of the equivalent circuit of figure 2, 
in which the tubes have been replaced by switches 
of zero resistance in series with counter electromotive 
forces equal to the tube voltage drops. Closing S; 
is equivalent to firing tube 1. Because there is no 
resistance in the tube and battery branches of the 
network, the current that flows through the transient 
circuit Z, is unaffected by the other circuit para- 
meters. This is not true when tube 2 fires (S; 
closes after S|) because tube 1 is extinguished as 
soon as tube 2 fires, and the capacitor discharges 
through Z,. Thus, the circuit of figure 2 will give 
unmodified starting transients, but distorted stop- 
ping transients. | 

Unmodified stopping transients in many types of 
circuits can be produced by placing the transient 
circuit in series with the anode of one tube, as in 
the equivalent circuit of figure 3. The firing of 
tube 2 (indicated by the closing of S)) will extinguish 
tube 1 (indicated by the opening of S)) if the tran- 
sient voltage induced by the opening of S, remains 
less than the capacitor voltage for a length of time 
sufficient to allow the tube to deionize. This is 
possible with transient circuits whose impulsive 
response is not inductive. If tube 1 is extinguished, 


_ the transient circuit is connected to the remainder 


of the network only through the small interelectrode 
capacitance of the tube, and its transient behavior is 
practically independent of all but its own para- 
meters. 
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To use these switching circuits in the oscillo- 
graphic study of transients the grid excitation voltage 
of V, and V; is obtained from the sweep oscillator 
that provides the linear time axis. One transient is 
produced for each sweep of the luminous spot, and 
a stationary image is obtained. The sweep fre- 
quency may be made sufficiently low to allow each 
transient to die out so that it does not appreciably 
affect the form of the next. 

Several circuits based on the parallel switching 
circuit were developed by John A. Bennett at Cornell 
University! and by the author at the University of 
Illinois. One of these is shown in figure 4. In this 


TRANSIENT 
CIRCUIT 


Fig. 5. A variation of the transient-visualizer circuit 
of figure 4 


V:, Va—Type FG-67 thyratrons 
Vs—Type 53 double triode 


circuit the grid excitation is in the form of a short 
voltage pulse of one polarity, followed immediately 
by a short pulse of opposite polarity. By the use of 
a center-tapped coupling transformer the voltage is 
applied to the grids of the switching tubes V; and V2 
in such a direction that the grid of V; is made posi- 
tive and that of V, negative during the first pulse, 
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causing V, to fire shortly after Vi. By the intro 
duction of suitable delay networks, by the adjust 
ment of grid-bias voltages of Vi and V2, and by the 
reversal of primary or secondary transformer con 
nections, the conduction time of Vi can be varied 


Fig. 6. Curve of 
anode current ver- 
sus negative grid 
voltage for a type 
885 gas-discharge 
tube 


ANODE CURREMT FT. — lll [AMPERES 


-40 -20 
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When the switch S is in position 1 and R; is zero. 
the circuit is that of figure 2; when the switch is in 
position 2 the circuit is that of figure 3. The required 
difference of polarity of the pulses applied to the 
grids of V; and V2 can also be obtained by the use 
of the ‘‘phase inverter’’ circuit of figure 5, instead ot 
the center-tapped transformer of figure 4. In thi 
modification, variation of the relative conducting 
times of V; and V2 is accomplished by adjusting the 
grid-biasing voltage of these tubes. 

Although the operation of these parallel switching 
circuits was found to be excellent at high currents. 
the action was observed to be somewhat erratic 
when an attempt was made to work with small cur- 
rents. Further investigation revealed that the diffi. 
culty resulted from the fact that at small current: 
the anode current of grid-controlled arc-discharge 
tubes is not independent of grid bias, but may be 
decreased and even cut off by the application o} 


10,000 


TRANSIENT 


0.5 MEGOHM 


Fig. 7. Combined sweep-oscilla. 
tor and single-tube transient-visual 
izer circuil 

Numbers beside symbols indicate value 
of circuit constants in ohms and micro 
farads, except where specifically desig 
nated otherwis: 


V:i—Type 58 pentode 
V2, Ve—Type 885 gas-discharge tubes 
V3s—Type 56 triode 
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. 8. Oscillogram of start- 
and stopping of current 
through a resistor 
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Fig. 9. Methods of connecting visualizer for the 
study of transients 


(b)—For lines 


(a)—For coupled circuits 


negative grid voltage. A typical curve of anode 
current versus negative grid voltage for a type 885 
“gas discharge’ tube is shown in figure 6. 
Fortunately, this dependence of anode current 
upon grid voltage, although undesirable in the 2-tube 
circuit, makes possible the design of a simplified 


Fig. 10. Oscillograms of 
transient oscillations in 
coupled circuits 


If the saw-tooth voltage of the 


single-tube circuit. 
sweep oscillator is applied to the grid of a type 885 
tube in such a direction that the abrupt voltage 
change at the end of the sweep makes the grid highly 
negative, then, because of the rapidity of this change 
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in voltage, the anode current of the type 885 tube 
will fall to zero in a small fraction of a second. The 
tube fires instantaneously when the negative grid 
voltage has fallen to a critical value, the magnitude 
of which depends upon the applied anode voltage. 
The tube has, therefore, the required switching 
characteristics both for starting and interrupting 
current flow, and may be used in initiating repeated 
transients in synchronism with the sweep voltage. 
The combined sweep oscillator and _ single-tube 
transient visualizer is shown in figure 7. The por- 
tion of the circuit to the left of the dotted line is a 
standard sweep oscillator; the portion to the right 
represents the addition that must be made to the 
circuit for transient visualization. In many tran- 
sient studies the 22.5-volt battery in the visualizer 
circuit may be replaced by a tap on the main anode- 
voltage divider. The 125-ohm resistance in the 
anode circuit of V, may be reduced or eliminated if 
the resistance of the transient circuit is sufficient to 
limit the current to a value so small that the grid can 
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Fig. 11. Transient-visualizer circuit based upon the 


relaxation-oscillator circuit 


extinguish the tube (50 milliamperes or less). The 
function of C; is to delay the firing of V4 until after 
the luminous spot has returned to the beginning of 
its timing sweep. The conduction time of V, is 
adjusted by varying R; and R». 

Because of the dependence of anode current upon 
grid voltage of the gas-discharge tube, the transient 
initiated by this circuit would be distorted if there 
were appreciable variation of grid voltage during 
the life of the transient. Actually this grid voltage 
variation is small, because the tube fires when the 
grid is less than 4 volts negative, and flow of grid 
current tends to prevent the grid from becoming 
positive. 

Figure 8 shows an oscillogram of current through 
a resistance, started and interrupted by the transient 
visualizer. The direction in which the oscillogram 
was traced is indicated by the arrows. The abrupt- 
ness with which the current rises and falls affords 
proof of the suitability of the device for transient 
visualization. The portion of the oscillogram that 
shows the rise of current was traced during the 
forward sweep. The sweep frequency was about 
100 cycles; therefore, this portion was traced during 
approximately 0.01 second. The part of the oscillo- 
gram showing current interruption was traced dur- 
ing the return sweep of the luminous spot. The 
estimated time of return is 0.00002 second. The 
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lack of abruptness of current cut-off may be attrib- 
uted to distributed circuit capacitance and induc- 
tance. Figure 9 shows the manner in which the 
device may be used in the study of transient oscilla- 
tions in coupled circuits and in lines. The function 
of the resistance R in figure 9) is to discharge the 
line between successive chargings, and need be used 
only when the line has low leakage and is open at 
the far end. Typical transients obtained by the 
use of this visualizer are shown in figure 10. The 
oscillograms were obtained by photographing the 
screen of an oscillograph tube with an ordinary un- 
corrected double-convex lens. The stability of the 
image is indicated by the sharpness of the photo- 
graphs despite exposures as long as 15 seconds. 
Figure 11 shows another grid-controlled rectifier 
tube circuit® which, although it does not meet the 
switching requirements set up at the beginning of 
this paper, is frequently useful. Assuming that C, 
has been charged by the battery, and that the tube 
grid is negative, the action is as follows: The voltage 
from the sweep oscillator, properly amplified, is ap- 
plied at A in such a direction that the sudden voltage 
change at the end of the sweep makes the grid posi- 
tive. This causes the tube to fire and allows C, to 
discharge through the tube. Because of the action 
of Z,, anode current continues to flow until C, is 
charged with opposite polarity to a voltage some- 
what lower than the applied voltage. The voltage 
induced in L, causes a flow of grid current during this 
discharge and therefore charges the capacitors Cy 
and C3 in such a direction as to leave the grid nega- 
tive. Because of the rectifying action of the grid, 
this charge cannot leak off through the grid, and so 
the tube is prevented from firing until another posi- 
tive impulse is applied at A. The capacitor C, 
starts recharging through Rk, and LZ. in a manner 
determined by the voltage E, the capacitance C,, 
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Fig. 12. A variation of the transient-visualizer circuit 
of figure 11 


the resistance R,, and the inductances L, and Ly, 
and, to some extent, the constants of the transient 
circuit that shunts R,. The resulting voltage pulse 
produced in FR, sets up transient oscillations in the 
transient circuit. In certain studies the transient 
circuit may be connected in series with, or in place 
of R:, instead of in shunt with R,. The impulse ap- 
plied to the transient circuit may be obtained from 
a resistance in series with L; as shown in figure 12. 
This gives impulses of shorter duration. ~The im- 
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b (a) (d) 
b 
a 
VOLTAGE ACROSS Ro 


a 
VOLTAGE ACROSS Co 


(f) 
(¢) 


A 8 

VOLTAGE ACROSS Rj VOLTAGE ACROSS Ly 

Fig. 13. Typical voltage impulses produced by 
the circuits of figures 11 and 12 


(a) and (b)—Lz2 = O 
(a), and (e)—(Ri + Rt = EY 
(c) and (fJ—Li < Le and Ri X Rp 


pulse may also be obtained from the capacitor Cy, 
or the inductances Z, and Ly. Interaction of the 
impulse generator circuit with the transient circuit 
can be prevented by the use of a single-stage buffer 
amplifier between the generator and the transient 
circuit. A wide choice of impulse shape may be 
obtained by varying the circuit parameters of the 
impulse generator and the point from which the 
impulse is obtained. The shapes of typical im- 
pulses are shown in figure 13. The portions of these 
curves lying between points a and 6 correspond to 
the time during which the tube conducts. Increase 
of LZ; increases the length of this portion of the 
impulse; increase of R, lengthens the remainder of 
the impulse; and increase of C, lengthens both parts 
of the impulse. In the circuit of figure 12 the grid 
bias necessary to keep the tube from firing is obtained 
from a “C battery,” instead of by the rectifying 
action of the grid. 

The circuits described have been found to be of 
great value in the lecture demonstration and labora- 
tory study of circuit and line transients. They may 
prove to be of value in commercial laboratories. The 
possibility of observing directly the effects of varia- 
tion of circuit parameters is an outstanding advan- 
tage of this method. An important feature of these 
circuits is that they can be added with little com- 
plication to a standard sweep oscillator. 
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Calculation of 
Resistances to Ground 


Formulas for practical use in the calculation 
of the resistances from grounding conduc- 
tors of various forms to the earth are given 
in this paper and their use illustrated by 
examples. The accuracy of the formulas 
varies considerably, as discussed in the 
paper, but is sufficiently good that the 
methods should be helpful to those whose 
work involves problems of grounding. 


By 
H. B. DWIGHT Massachusetts Institute of 
FELLOW AIEE Technology, Cambridge 


A, ELECTRICAL CONNECTION 
to the ground requires consideration of the engineer- 
ing problem of obtaining the lowest number of ohms 
to ground for a given cost. This problem involves 
the need of formulas for comparing different ar- 
rangements of ground conductors. <A collection of 
such formulas for d-c resistance is given in this paper, 
with some discussion as to their relative accuracy. 
In order to compare 2 arrangements of conductors, 
it is usual to assume that they are both placed in 
earth of the same uniform conductivity. It is well- 
known that there is usually considerable variation 
of earth conductivity in the vicinity of ground con- 
ductors, but that effect is a separate problem. 


CYLINDRICAL CONDUCTOR 


A very common type of ground connector is that 
of a vertical ground rod. Such a rod is an isolated 
cylinder and the flow of electricity from it into aud 
through the ground is calculated by the same expres- 
sions as is the flow of dielectric flux from an isolated 
charged cylinder. That is, the problem of the 
resistance to ground of the ground rod is essentially 
the same as that of the capacitance of an isolated 
cylinder whose length is very great compared to its 
radius. The following formula for the latter case 
has been given by E. Hallén: 


C 1. 1.22741 2.17353 — 11.0360 
ipa 4? Bri 164 
where 


d = log. (2L/a) 

2L = length of the isolated cylinder in centimeters 

a = radius of the cylinder in centimeters 

C = capacitance in absolute electrostatic units, or statfarads 
‘log. denotes natural logarithm 
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By taking unity divided by this series, an expres- 
sion is obtained which is more convenient for the 
present purpose, and which is more rapidly con- 
vergent, to a slight extent, as follows: 


0.5519 
= ee ) (1) 


— 


1 
= = 5 (. — 0.306852 — 


0.17753 
(G; A 


This formula has been checked, and close agree- 
ment found, by a successive approximation calcu- 
lation? in which uniform distribution of charge is 
first assumed and then other distributions of charge 
are successively added, so as to keep the potential 
of the cylinder the same throughout. The formula 
has been checked also by Dr. F. W. Grover® by a 
successive approximation method using mechanical 
integration. 

An approximate method of calculation which is 
used for a great many shapes of conductors is the 
average potential method of Dr. G. W. O. Howe.# 
This consists in assuming uniform charge density 
over the surface of the conductor and calculating 
the average potential. Then the approximate ca- 
pacitance is taken as equal to the total charge 
divided by the average potential. This method is 
correct within 2 or 3 parts in 1,000 for a long straight 
antenna wire, and within less than 1 per cent for a 
cylinder of the proportions of a ground rod. How- 
ever, an estimate of its accuracy should be made for 
each shape or combination of conductors with which 
it is used, because in some cases it gives an error of 
several per cent. For example, it gives a value of 
1/C for a thin round plate which is 8 per cent too 
high (see the paragraph following equation 35). 

Assuming a uniform charge density g per centi- 
meter along the cylinder, on its curved surface, the 
potential at P (figure 1) because of the ring dy is, 
by equation 6, page 153, reference 10, 


qdy|a it Gh (fas 
‘ [ wale ie | (2) 


where 7? = a? + y? and y is the distance from P to 
the ring. 

Integrate equation 2 from y = 0 to L — x and 
also from 0 to L + x, obtaining the potential at P 
resulting from the parts of the cylinder to the right 
and left of P. Then multiply by dx/L and inte- 
grate from x = 0 to L, giving the average potential 
of the cylinder resulting from uniform charge den- 
sity on its curved surface, as follows: 


ee ry eae toun 
ae Ale => a eer Fe im oe cee 
2q sag the" 8 


GPR Oe az: i 1 

L?\ 16. --32.-° L4\64 1024 °" 
4L a 

— -—-1 Ui63e— 

a 1 JE, 


a* a 
0.16 ZI + 0.015 7a ) (4) 
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If, as is often done, only the first term of equation 
2 is used, the result is 


ae aro Eel a (5) 
co L (1s. 2 QL pars 


which, when expanded, becomes 


1 il 4L 
= -—1 0.5 
Ce al: (to a NR 


a? a 
— 0.06 7” == 0002 = nar (6) 


a 
L yh, 


It may be seen that equation 6 does not have the 
right coefficients for terms in a/L and so equations 6 
and 5 should not be used. For long cylinders of the 
proportions of wires or vertical ground rods, the 


Fig. 1 (above). Cylindrical 
conductor 
L 
‘ 
Fig. 2° (left). Two rods 


connected in parallel 


terms in a/L and its powers are of very small effect 
and may be omitted, thus giving the practical for- 
mula 


1 1 4L 
2 =z ( toes -1) (7) 


This gives an error of less than one per cent in prac- 
tical cases of resistance to ground. The error is due 
to the approximation inherent in the average poten- 
tial method and if a more accurate formula is de- 
sired, equation 1 should be used. The small error 
in equation 7 cannot be avoided by including terms 
in a/L or by using more complicated expressions in 
logarithms or inverse hyperbolic functions such as 
equation 5 or its equivalent forms. 
The formula 


1 2L 


1 
— = — log, — 
4S; IE Ms a (8) 


which is based on the capacitance of an ellipsoid of 
revolution of the same diameter and length as the 
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cylinder, has a larger error than equation 7, and 
should not be used. Logarithms to base 10 may be 
used, by noting that loge p — 2.303 login p. 

The method of changing a formula for capacitance 
into one for resistance to ground, or through the 
ground, may be found by considering the simple case 
of 2 parallel plates whose distance apart is small and 
the effect of whose edges may be neglected. 

If each of the 2 plates has an area of B square 
centimeters and if the charge density on one is q per 
square centimeter and that on the other —q per 
square centimeter, the number of lines of dielectric 
flux through air from one plate to the other is 47gB. 
The volts per centimeter in the space between the 
plates is equal to 47g, the density of the lines, and 
the potential difference V between the plates is 
4rqs, where the separation of the plates is s centi- 


meters. Then 
fee aes (9) 
CaagR B 


For the flow of electricity between the same plates 
when they are embedded in earth of resistivity p 
abohms per centimeter cube, the resistance between 
the plates in abohms is 


Re PS 10 
= (10) 

Thus in this case, 
e (11) 


4rC 

where C is in statfarads. If p is in ohms per centi- 
meter cube, & will be in ohms. Equation 11 shows 
merely the relation between the units and has noth- 
ing to do with the geometry of the flow of dielectric 
flux and current which in equations 9 and 10 is 
represented by the letters s/B. Equation 11 applies 
to any conductor or combination of conductors 
(see reference 11, appendix III, page 219). 

The resistance of a buried straight wire of length 
2L centimeters, no part of which is near the surface 
of the ground, is given by equations 7 and 11 and is 


Remon 1 
SS Oe iaen t. 
4nrL G a 


A vertical ground rod which penetrates to a depth 
of L centimeters must be considered along with its 
image in the ground surface. The voltage and the 
shape of current flow are the same as for a com- 
pletely buried cylinder of length 2L centimeters, 
but the total current is half as much, making the 
resistance twice as great. Therefore, the resistance 
to ground of a vertical ground rod of depth L centi- 
meters 1S 


(12) 


(13) 

In general, if C includes the capacitance of the 
images of a conductor or conductors in the earth, 
the resistance to ground is 


(14) 
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Vertical ground rods are widely used, sometimes 
in large groups, because they can be driven in place 
with little or no excavation and because they are 
likely to reach permanent moisture and earth of good 


conductivity. 


Two GROUND RoDs IN PARALLEL 


Let 2 ground rods of radius a centimeters be as 
shown in figure 2, and let them be electrically in 
parallel. Find the air capacitance C of the 2 rods 
and their images, that is, of 2 cylinders each of 
length 2L. Let the cylinders have a uniform charge 
of g per centimeter. The potential at a point on one 
cylinder at a distance x from its center, caused by 
q dy on the other cylinder, is 


__4gdy 
vstt+ yy 


The potential at x caused by the other cylinder is 
obtained by integrating this expression from y = 0 
fol — x and from y = 0 tol + x. The average 
potential on one cylinder caused by uniform charge 
on the other is then obtained by multiplying by 
dx/L and integrating from x = 0 to L, and is 


u Mate) 


1G 


q (2 tg, ht V8 HAE yt (15) 
Ay 


For large values of s/L, this becomes 


2qL L? Dy Be 
=a aa wait 
Ss 38s? Dass 


For small values of s/L, it is 


(16) 


Ss S? Si 
_ aes 17 
pe 16L2 = 51214 ) GD 


Add the average potential of the cylinder caused 
by its own charge, 


2qL 41 
a = 24( toe. #2 -1) 
Cc a@ 


Divide by 4qL, the total charge on the 2 cylinders, 
thus obtaining the value of 1/C for the pair of ground 
rods and their images. Then, by equation 14, the 
resistance to ground of the pair of rods is 


R= Ey (ioe Bp 16g. 7 Lt Vesa ¥ ais 
4nL 
Ay ke A“ / 52 + a) (19) 


26 OL 


rlticg, 21 4 
“Seine 2, 


(18) 


or, for large values of s/L, 


p 4L p L? 2 L4 
= (tog. ~-1)+ 2 (1-4 +2=... 
4 4nL (106 a ) a Aas ( 3s? . 5 s4 
or, for small values of s/L, 


a  t =, ++) ) 
2G 16L? Fait 

A short alternative calculation for equation 20, 
which is found by trial to be good for spacings of 
20 feet or more, is to replace each ground rod by a 
half-buried sphere which is equivalent in resistance 


DECEMBER 1936 


to one isolated ground rod. This procedure can be 
illustrated by a numerical example. The resistance 
to earth of a ground rod of °/,-inch diameter and 
10-foot depth, by equation 18, is 


R= X 6.155 


el 

The hemisphere which is buried and its image 
above the ground surface make a complete sphere 
whose air capacitance as an isolated conductor is, 
by a well-known proposition, equal to its radius 
A in centimeters. By equation 14, the resistance 
to ground of the hemisphere is 


ete 
2rA 
Then the radius of the hemisphere which is 


equivalent to the isolated ground rod is, by equation 
13, 


L L 
A — = ee 
6.155 


4. 
log. — — 1 
a 


Here, A and L may be both in centimeters or both 
in feet and so A = 10/6.155 = 1.625 feet. 

The capacitance of 2 equal spheres at a distance s, 
center to center, connected in parallel, is readily 
calculated when s is not small and the charges can 
be assumed uniformly distributed around the spheres. 
By symmetry, the spheres will carry equal charges. 
Let each charge be g. The potential of the surface 
of each sphere is 


Bee lane| 
Ce aN 5 


where the dimensions are in centimeters. 


ee al 1) 
rab (Eat 


This is the same as using the first term of the second 
part of equation 20. 

From numerical examples, it is found that the 
results of equations 19 and 20a differ by about 0.5 
per cent for 20-foot spacing between 2 ground rods, 
and by a few per cent for 10-foot spacing. 


Then 


(20a) 


Groups OF GROUND Rops 


The potential of a rod caused by its own charge 
and the charges of several other rods can be found 
by using equation 16 or 17 several times. Similarly, 
the potential of the surface of a sphere caused by its 
own charge and the charges of a number of other 
spheres is 


q q2 q3 
7 Sua ae is tea 


where for an approximate calculation qi, go, gs, etc., 
may be assumed equal. 
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For somewhat better accuracy, the values of q 
for the rods near the center of the group may be 
taken a little jower than the values for the rods near 
the outer parts of the group, by an amount sufficient 
to make the potential of each rod the same. Thus 
the values for the outer parts may be taken equal to 
q, and others to 0.95g, 0.9q, ete., according to judg- 
ment and to the test of equal potentials. 

In order to design groups of ground rods for trans- 
mission line towers, stations and substation grounds, 
~ etc., and to decide on the best number and spacing 
of rods, it is desirable to be able to compare various 
groups of rods, assuming uniform conductivity of the 
soil. Accordingly, sets of curves are given in figures 
3 to 6.2. From them it is possible to estimate how 
many rods and how much area will be required for a 
certain number of ohms to ground in a given locality, 
from measurements on a few temporary test ground 
rods. 

The basis of comparison is the resistance of one 
isolated ground rod of */,-inch diameter-and 10-foot 
depth. By means of figure 3, the resistance of single 
rods of various depths can be found and, if desired, 
the resistivity of the soil. In figure 4 the conduc- 
tivity of 2, 3, and 4 rods is given in terms of the 
conductivity of isolated rods, and in figure 5 results 
are shown for larger numbers of rods. 

In figure 6 the information is presented in different 
form, and the lowest resistance that can be obtained 
from a given area is shown. This information is 
often of value as it may be the means of preventing 
the wasteful 
attempt of put- 
ting additional 
ground rods in i 
an area which 
could not give 


350,000 


feet, that is, 100 by 100 feet, the spacing will be 
20 feet. Figure 6 shows that the resistance is 1.3 
times the resistance of an infinite number of rods in 
the same area. Therefore, no matter what the 
resistance in ohms may be or what the uniform 
conductivity of the ground may be, if it is desired 
to have less than 75 per cent of the resistance with 
36 rods there is no use in putting more rods in the 
area of 10,000 square feet but it will be necessary 
to use a larger area. 

Figure 6 shows also that if there are more than 
10 rods 10 feet deep, there is no use in having closer 
than 10-foot spacing. , 

It is generally desirable not only to utilize the 
ground area effectively, but to make effective use oi 
the rods, inasmuch as they represent a considerable 
cost. If one wishes the rods to be at least 60 per 
cent as effective as they would be if isolated, that is, 
to have at least 60 per cent of the conductivity of 
isolated rods, it may be seen from both figures & 
and 6 that it is necessary to use over 20-foot spacing 
for 16 rods in a square area, about 30-foot spacing 
for 25 rods, and over 40-foot spacing for 49 rods. 

The curves of figures 5 and 6 are based on uniform 
distribution of ground rods in square areas, as shown 
in figure 7, the boundary of the area running through 
the outer rods. Although the curves are computed 
for square areas, they give an estimate for rectangular 
areas. The curves cannot be used for a part of a 
group of rods nor for a group which is near other 
groups, but a reading from the curves is to apply to 


the desired low 300,000 
resistance even me 


if an infinite 


number of rods 


were used. For 250,000 


instance, if 36 


ground rods are 
distributed as 


in figure 7 over 


200,000 


a square area of 
10,000 square 


150,000 


OHMS PER CENTIMETER CUBE 


Fig. 3. _—_ Resist- 
ance of ° one 
ground rod of 
3/s-inch diameter 


100,000 


For low resistances 


50,000 
divide both scales } 


by 10; for high re- 1 


sistances multiply 


both scales by 10 TH 


Numbers on curves 


are depths in feet 2 se 
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SPACING — FEET 


Fig. 4. Ratio of conductivity of ground rods in 
parallel to that of isolated rods 


Ground rods are 4/, inch in diameter, 10 feet deep; 3 rods 


on equilateral triangle, 4 rods on square 
A—Two rods B—Three rods C—Four rods 


an area which contains all the ground rods in the 
vicinity. 

In the calculation of cases involving more than 
4 rods or the spheres which were substantially 
equivalent to them, equal charges were assumed for 
the spheres. The potential of a corner sphere was 
calculated and that of an innermost sphere and the 
average taken, thus approximating the Howe average 
potential method. For a small number of spheres 
this was checked and good agreement obtained by 
coimputing the actual charges by simultaneous equa- 
tions. Fora large number of ground rods, the results 
shown in figures 5 and 6 are approximate. 

The effect of the buried wires used to connect the 
ground rods together was not included in the com- 
putations for the figures which have been described. 
If the conductivity of each ground rod be assumed to 
be increased by the same percentage by the connect- 
ing wires, the latter will have little effect on the 
comparison of different groups of rods made by 
means of the curves. 


BURIED HORIZONTAL WIRE 


In some cases, connection to the earth is made by 
means of a buried horizontal wire. The image of 
this wire in the ground surface requires the use of 
equation 19 or 21 where, in this case, the length of 
the buried wire is 2/ centimeters and the distance 
from the wire to its image is s centimeters, which is 
twice the distance from the wire to the ground 
surface. If the image were not taken into account, 
a serious change in the result would often ensue. 


Example. 
200,000 ohms per centimeter cube. 


Length of No. 4/0 wire, 200 feet; depth, 10 feet; p, 
R = 57.6 ohms 


Two PARALLEL BURIED WIRES 


The resistance to ground of 2 parallel buried wires, 
including the effect of their images in the ground 
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NUMBER OF GROUND RODS 


Fig. 5. Ratio of conductivity of ground rods in 
parallel on an area to that of isolated rods 


Numbers on curves are spacings in feet 


surface, is calculated by the same method as for 4 
ground rods at the corners of a rectangle. The 
average potential of one of the wires caused by its 
own charge, equation 18, is to be added to the average 
potential caused by each of the other wires. Thus, 
one item is to be computed by equation 18 and 3 
items by equation 15 or 17, using 3 values of s. 
The sum, divided by the total charge of the 4 wires, 
8qL, is 1/C and then equation 14 can be applied. 


Example. To find: the resistance to ground of 2 wires, 100 feet 
long, 0.46 inch in diameter, 7 feet apart, and 10 feet below the 
surface of the ground, the resistivity of the ground being 200,000 
ohms per centimeter cube. The wires are connected in parallel, 
electrically. 

Potential of a wire caused by its own charge, by equation 18 16.51 q 


Potential by equation 15 or 17 for s = 7 4.84 q 
Potential by equation 15 or 17 for s; = 20 2.99 q 
Potential by equation 15 or 17 for sz; = 21.19 2.89 q 
Potential 27.23 q 


Total charge = 4 X 1200 X 2.540 X q = 12,190 q 


1 27.23 


CoA? 190 


p _ 200,000 X 27.23 


R — = 
2rC 2r X 12,190 


n/n Ohms 


RIGHT-ANGLE TURN OF WIRE 


If the buried wire forms a right angle each arm 
of which is L centimeters in length the depth below 


the ground surface being s/2, the resistance to ground 
including the effect of the image wires is 


QL 2L 

Rete — || loge s-—met log, — 0.2873 + 
4nrL a Ss 

s2 st 


o s ae et 
0.2146 zt 0.1035 LB 0.0424 Tack 


:) (22) 


Length of each arm of No. 4/0 wire, 100 feet; depth, 
R = 59.4 ohms 


where a is the radius of the wire. 
Example. 
10 feet; p, 200,000 ohms per centimeter cube. 


THREE-POINT STAR 


If there are 3 buried wires of length L which meet 
each other at 120 degrees, the resistance to ground 
including the effect of images is 


Hb, 2 Ss 
log. — + log. — + 1.071 — 0.209 — + 
a Ss TG; 


6rL 
So se 
Q pees Y 5 —S 
0.238 Zz 0.054 Bo (23) 
Example. Length of each arm of No. 4/0 wire, 100 feet; depth, 


10 feet; p, 200,000 ohms per centimeter cube. R = 43.9 ohms 


Four-PoINnT STAR 


p 2 PH E, 
Roi—t—— (loge —— + log. —— -— 2:912 — 
8rL a s 


§ 
1.071 — + 0.645 
L a8 


SA s4 
Tia 0.165 Fn : ) (24) 


Srx-PoInT STAR 


OL 2L 
Peel ee (roe ~~ + loge = + 6.851 — 


s? SA 
— — 0.490 —... 
L? Lt 


) as 


Same values of dimensions as for 3-point star. R = 


aS} 
3.128 ~ + 1.758 
cos ea 


Example. 
31.1 ohms 


EIGHT-POINT STAR 


2L 2L 
(ioe. — tloge == 2008 


5 12! 93.96 cee nt 
61520 oe es 


) (26) 


Example. Same values of dimensions as for 3-point star. R = 


28.2 ohms 


Equations 22 to 26, being simple power series, 
save considerable time in computing numerical 
results. 

If L is in centimeters and p in ohms per centimeter 
cube, R is in ohms. Also, if L is in inches and p in 
ohms per inch cube, Risin ohms. Inside the brack- 
ets, only ratios of dimensions occur. The numerator 
of each fraction must be in the same units as the 
denominator of that fraction. Note that s is the 
distance from the wire to the image, and is twice 
the distance from the wire to the ground surface. 

In order to estimate relative accuracy, the poten- 
tial of the wire at various distances from the center 


Example. Same values of dimensions as for 3-point star. R = of a 4-point star was plotted and compared with the 
37.3 ohms potential distribution of a round plate. The poten- 
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tial distribution in the 2 cases showed approxi- 
mately the same amount of deviation from the 
average potential. Accordingly, it can be concluded 


on another equal wire which meets it at one end at 
angle @ is given by the simplified expression 


that the resistance of stars of wire obtained by Vay = 2¢ loge[1 + cosec (9/2) ] (27) 
Table I—Approximate Formulas Including Effect of Images 
S One Ground Rod p 4L 
Length L, radius a R= nL loge Iie, I (13) 
Two Ground Rods p 4L p LT? IE 
oo fe esos. — Safa Seen (gee Ae 20 
s>L (ion JE ( ee che ) ey 
Two Ground Rods p 4L 4L Ss 5? 58 
oe Fees MOR, loge = 2 fe ee 21 
Geda £; (ie at eee + or i6L? * 512L4 ) Gy 
Buried Horizontal Wire : \ 4L Ss s? st 
Length 2L, depth s/2 R= ie O8e tb legate 2 ae aaah ais Lt (21) 
J Right-Angle Turn of Wire p 2L 2L 5 $? eae 
ee ae barca Eocene R=. 75 (lose— + loge — 0.2373 + 0.2146 + 0.1035  — 0.0424 —... ) (22) 
Three-Point Star p 25 Wb, 5 5? s4 
2a Length of arm L, depth s/2 a as (1c. ae + log, oy + 1.071 — 0.209 L + 0.238 Te — 0.054 Zs ae ; (23) 
Four-Point Star p 2L 2L Ss Se Ses 
++ eee th of arin'Z. depth’ ia SnL (10 FF + log. a + 2.912 — 1.071 7 + 0.645 Ie — 0.145 TA <tjawe ) (24) 
Six-Point Star p 27 PAD s Sa s4 
| < mete Gi arm Dee R = £5 (toe — + log, — + 6.851 — 3.128 = + 1.758 = — 0.490 = .. .) (25) 
* Eight-Point Star p 2L 2L s st s4 
Length of arm bp depth s/2 R Tal ah (10 yi = loge 6 + 10.98 = i tsit L ++ 3.26 L3 — i be L hisses (26) 
Ring of Wire Z 8D 4D 
ay) Diameter of ring D, diameter R BaD loge + log. — (29) 
of wire d, depth s/2 OF 
Beer cts pie: Re (: ec pe SLL LA Sh an emp 2G a (31) 
oom engt , section @ by 0, ot em OSemas Wi gLEaO Ofes = rs A = Am od 
depth s/2,.b < 4/8 4rL a 2(a + bd) Ss PUL, 16L PE, 
Buried Horizontal Round Plate p p . if: a? 33 a‘ 
D Radius a, depth s/2 ‘Soe ae es (3 ES ay SPT (32), (36) 
Buried Vertical Round Plate p p 7 @ 99 a4 
Radius a, depth s/2 R= 8a ae Ags ( ts DA 52 ar 320 s4 i er (32), (38) 


equations 23 to 26 is an approximation within several 
per cent. 

In deriving the formulas for stars of wire, the 
average potential on one branch caused by its own 
charge is computed and added to that caused by 
each of the other branches and the images. The 
total potential, divided by the total charge of all the 
branches and their images, gives 1/C and then 
equation 14 is used. 

For these computations, the formulas in appendix 
2 of reference 3 are used. In this connection, the 
average potential of one wire caused by the charge 
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If 6 should be extremely small, the radius of the wire 
would need to be brought into the computation, 
and equation 27 would be inapplicable. 


BURIED RING OF WIRE 
The capacitance of an isolated ring of round wire 
is given by 
2 8D 


= = — log. 


Cae) a Ce 


where the diameter of the ring, D centimeters, is 
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Fig. 7. Distribution of ground rods used 
for calculating the curves 


much larger than the diameter of the wire, d centi- 
meters. The resistance to ground of a deeply buried 
ring is then R = p/4nC as in equation 11. 

The capacitance of a ring and its image at distance 
s is given by 


1 1 8D 4D 
Pia | loge) st: loges—- 
Tw d Ss 


where s is considerably larger than d and also con- 
siderably smaller than D.!? The resistance to 
ground of a buried horizontal ring, taking the effect 
of the ground surface into account, is then RK = 
p/2xC as in equation 14. Note that s is twice the 
distance from the ring to the ground surface. 


(29) 


BURIED STRIP CONDUCTOR 


The capacitance of an isolated strip conductor, 
whose length 2/ centimeters is large compared with 
its width a centimeters or its thickness } centimeters, 
is given by 


1 4L i a? — zab 
= (6) € 
BEM ae! og 8 2a 4 By? 


(30) 


For a description of the derivation, see equation 
27 of reference 2. The thickness } should be less 
than about !/; of the width a. 

In most cases, the effect of the image should be 
included, as follows: 


oe (soe, 2 4 Sa ig hy Meese ee 
C 2E a 2(a + 6)? ts 
5 s? Ss 
or aici aioe ) SO). 


where s is the distance in centimeters from the strip 
to the image, that is, twice the distance to the 
ground surface. The resistance to ground, when 
equation 31 is used, is R = p/2rC as in equation 14. 


RoOuND PLATE 


The capacitance of a single isolated thin round 
plate is given by ™ 


CRS eG (32) 


where a is the radius of the plate in centimeters. 

It is of interest to show that the average potential 
method, if used in this case, produces an error of 
8 per cent, giving a value of 1/C which is 8 per cent 
too large. Expressions for the potential caused by 
a ring carrying uniform charge density are given in 
reference 10, pages 11 and 153. From these is ob- 
tained the average potential of a thin round plate 
of radius a centimeters caused by a uniform charge 
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density g per square centimeter in the form of ¢ 
series whose sum is 
\ 8 


The sum of this slowly converging series can he 
found by comparing it with the series 


2nga 1 3? 3? X 5? 
Va = (a +t et ee eet 


fd 1 1 1 
weltatatate. 


(34) 


Multiply the terms within the brackets of equa- 
tion 33 by 0.401723 to make the eleventh terms oi 
equations 33 and 34 alike. It is found that 1/C or 
Vi»/ra’q is slightly greater than 1.69721/a. Multi- 
ply the terms within the bracket of equation 33 by 
0.329595 to make its tenth term equal to the eleventh 
term of equation 34 and all its succeeding terms dis- 
tinctly less than the corresponding terms of equation 
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2 
S/a 
Fig. 8. Average potential on a round plate caused 

by an equal plate 
A—Same plane B—Parallel planes 


a — radius of plates in centimeters 


34. It is found that 1/C is less than 1.70169a. 
The difference between the 2 limiting values is 0.27 
per cent and an inspection of the series shows that 
the value of 1/C by the average potential method 
is much nearer the smaller limit than the larger, and 
so is nearly equal to 


1.6972 
a 


(35) 


The true value of 1/C is, however, by equation 32, 


T 1.5708 


2a a 


The average potential method, therefore, gives a 
value of 1/C for a thin round plate which is 8 per 
cent too high. 

This result has been confirmed by Dr. F. W. Grover 
by a method using mechanical integration, which 
gave 


There is a connection between the error caused by 
the average potential method and the amount of the 
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variation in potential over the conductor caused by 
uniform charge distribution. The potential of the 
center of the plate resulting from uniform charge 
distribution is 27aq, using the formulas of reference 
10. However, the average value is 


1.697 
—— X ma*q = 1.697raq 
a 


Thus, the potential of the center is seen to be 18 per 
cent higher than the average potential. This com- 
paratively large percentage may account in some 
degree for the 8 per cent error in the case of a round 
plate, resulting from the use of the average potential 
method. In the case of the cylinder of the length 
considered in this paper, the potential of the middle 
point was 4.7 per cent higher than the average 
potential (see reference 2) and in that case the 
average potential method was shown to give a very 
nearly correct value of 1/C. 


Two ROUND PLATES IN PARALLEL PLANES 


The potential caused by a charged round plate, 
at points not near the plate, is given by the last 
series on page 154 of reference 10. Integrating that 
series over the surface of a second disk having the 
same axis and the same length of radius as the first, 
the average potential on the second disk caused by 
the charge on the first is 


at 38 a! 
40's? pie 

where Q is the total charge in statfarads on the first 

disk, a is the radius in centimeters of both plates, 


and s is the distance in centimeters between the 
2 plates. 


(36) 


This power series should not be used unless the 
last term is quite small and so the largest value of 
a/s for which it is useful is about 1/2. Since equa- 
tion 36 gives the average potential, it is not a precise 
calculation for capacitance or resistance. However, 
the order of its precision may be estimated by finding 
the potential at the center of the second disk, which 
is (Q/s) tan~! (a/s) (see the series on page 154 of 
reference 10). 

Where s 2a, the potential at the center is 4 
per cent greater than the average potential, and for 
larger values of the separation s the discrepancy is 
smaller. It may be remembered that for one iso- 
lated round plate the potential of the center was 
18 per cent more than the average potential, and the 
error in the value of capacitance was 8 per cent. 
In the case of the calculation for one isolated ground 
rod of average proportions the potential at the 
middle of the cylinder is 4.7 per cent greater than 
the average potential, and the error in the capaci- 
tance is less than 1 per cent.” It may be concluded 
that the use of average potential gives the same order 
of accuracy in the case of equation 36 as in the case 
of a long cylinder. 

Values of aV/Q calculated by equation 36 are 
plotted in figure 8. This curve has been extended 
to apply to small values of s by taking the average 
values obtained by using the 2 series on page 154, 
reference 10, to compute the potential at the rim 
and at the center of the second disk caused by the 
charge on the first disk. This process is shown to 
give good results by comparing it with equation 36 
for s/a between 2 and 4. The potential at the rim 
is equal to the potential at the center when s = 0. 
More accurate values for the curve of figure 8 
could be computed by dividing the circular area into 
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Fig. 9. Capacitance of a rectangular plate 


Dimension a in centimeters; C in statfarads 
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bands, computing the potential for each band, and 
averaging, this being a process of mechanical inte- 
gration. However, no matter how carefully this 
might be done, the result would be subject to the 
error inherent in the average potential method. 

It may be seen from equation 36 that when the 
separation is large, the potential on one plate caused 
by the other is given closely by 


Tees Q (37) 
AY 

which is the same as assuming that the charge is 
on the surface of a sphere, or concentrated at a 
point. For example, when s/a = 5, the result of 
equation 37 is 2 per cent larger than that of equation 
36 and the value of Q/s itself is only 13 per cent of 
the potential of an isolated plate to which it is to 
be added. Accordingly, equation 37 can usually 
be used for the images of the buried plates, which 
are at distances s; and se, center to center. 

Where the 2 round plates are connected in parallel, 
then in the capacitance problem the plates and their 
images all carry charges equal to Q. By symmetry, 
the potential is the same for them all, and is made 
up of the following 4 items which are added to- 
gether. First, the potential, 7Q/(2a), given by 
equation 32, caused by the plate’s own charge; 
second, the potential given by equation 36, caused 
by the other coaxial buried plate which lies in a 
vertical plane parallel to that of the first plate; 
third, the potential Q/s, caused by the plate’s 
image, where s, is the distance in centimeters from 
the center of the plate to the center of the image, 
that is, s; is twice the distance to the surface of the 
ground; fourth, the potential Q/s2, caused by the 
other image. 

The sum of these 4 items is equal to V and the 
capacitance of the 4 plates is given by 1/C = V/(4Q). 
Then the resistance to ground of the 2 buried plates 
connected in parallel is R = p/(27C) by equation 14. 

Where the 2 round plates are connected in series, 
in the resistance problem current flows from one 
to the other through the ground and in the capaci- 
tance problem one plate carries a charge Q and the 
other —Q. The images carry charges Q and —Q, 
each being of the same sign as the charge directly 
beneath it. Equations 11 and 14 are still used to 
change from the capacitance problem to the re- 
sistance problem. 


Two RounpD PLATES IN THE SAME PLANE 


Where the 2 plates of radius a in centimeters are 
in the same plane, the average potential on one 
resulting from the charge on the other is 


Q : 99 a4 
Va = ~(1 —— +.,, 
z o(4 + 390 3 ) 


A 

In this case, there is more error in the use of 
average potential than in equation 36, for when 
s/a = 2, the potential at the center differs from 
the average potential by 19 per cent. As in other 
cases, if the term in a?/s? is negligibly small com- 
pared to 1, the simple expression Q/s may be used 


(38) 
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and the error resulting from the use of averag 
potential is negligible. 


RECTANGULAR PLATES 


The capacitance of an isolated thin rectangula: 
plate, a centimeters by 6 centimeters, according t 
the average potential method, is given by’ 


tS (Lhe EN a* EO a ve 

C ane b b a 
2d  @+rvar+t) ap 
SUZ eo aA 3a2b2 | 


_ The potential of the center of a square plate i: 
18 per cent greater than the average potential, anc 
this difference is 15 per cent for a rectangle whos: 
length is 5 times its width. Accordingly, the cor 
rection for the average potential method found for < 
circular plate will apply, and 8 per cent should be 
subtracted from the value of 1/C given by equatior 
39 for a square or nearly square plate, and almost 
as much should be subtracted for a rectangulai 
plate of length about 5 times the width. The full 
lines of figure 9 show values calculated by equatior 
39 and the broken lines show estimated corrected 
values (see the paragraphs following equation 32 of 
reference 2). 

A formula for the average potential of a rectangular 
plate caused by a uniformly distributed charge on 
a similar plate in the same plane can be given but 
it is not short and it is subject to the errors inherent 
in the average potential method. It seems better 
to replace the rectangular plates by circular plates 
of the same area and on the same centers, and te 
use equation 36, 37, or 38 for the effect of one plate 
on another. 
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A-C Characteristics 


of Dielectrics—ll 


Predetermination of the a-c characteristics 
of dielectrics by d-c measurements was 
discussed in an earlier paper.' The present 
paper further shows that the method of 3 
exponentials, although predicting accu- 
rately the in-phase component of current 
caused by reversible absorption, usually 
yields results of less than the true value 
in predicting the quadrature component. 
Charts are presented that reduce the com- 
putations required in the study of a great 
number of specimens. 


By 
ALFREDO BANOS, JR. 


ASSOCIATE AIEE 


The Johns Hopkins 
University, Baltimore, Md.* 


| [ie SCOPE of the theoretical de- 
velopments and experimental results presented in an 
‘arlier paper! dealing with the analysis of power 
actor and dielectric loss concerns itself primarily 
with the analytical and experimental proof that the 
i-c behavior of a dielectric at 60 cycles may be ac- 
urately predicted from suitable d-c measurements. 
[his is done by an empirical determination of the 
-quation for the relaxation function of the dielectric 
it a given temperature, followed by the application 
ff on Schweidler’s method,’ which is available at 
iny frequency, provided that the continuous-po- 
ential charge and discharge currents may be meas- 
red over initial time intervals comparable with the 
ternating period. 

The present paper considers further, in part I, the 
ossibilities and limitations of the method of 3 ex- 
onentials, giving additional theoretical evidence of 
he accuracy of the method as applied to the in- 
hase component of current resulting from reversible 
bsorption and showing that, in general, this method 
‘ields results which fall short of the true values in 
redicting the capacitance or quadrature component. 
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The second part of the paper gives the description, 
method of construction, and application of 2 charts 
that were designed for the purpose of reducing to a 
minimum the labor of numerical computation en- 
tailed by the study of a great number of specimens. 


|. Increase in Capacitance 
Caused By Reversible Absorption 


The method of 3 exponentials developed earlier’ 
is based on the possibility of resolving the decaying 
relation between discharge current and time for a 
dielectric at a given voltage and temperature into the 
sum of 3 negative exponentials as shown in figure 1. 
The subsequent application of Von Schweidler’s an- 
alysis? shows that the quadrature and in-phase com- 
ponents of current contributed under alternating 
stress by the anomalous property of reversible ab- 
sorption are directly proportional to the charging 
current of the geometric capacitance and that the 
constants of proportionality are respectively the A 
and B integrals defined by equation 4 as given in 
reference 1. It is thus evident that the computed 
a-c behavior depends entirely, as far as reversible 
absorption is concerned, on the A and B integrals 
and their manner of computation. The purpose of 
the present discussion is to show from a theoretical 
point of view, by considering the variation with 
frequency of the A and B integrals, that the method 
of 3 exponentials as applied in the present studies will 
predict accurately the correct value of 6, but gen- 
erally will yield a computed value of A which is defi- 
nitely smaller than the observed or experimental value. 
In other words, it is shown that the increase in ca- 
pacitance caused by reversible absorption, as com- 
puted by the method outlined, generally will be 
lower than the actual increase as measured from the 
difference between the observed capacitance at 60 
cycles and the geometric capacitance observed at a 
frequency sufficiently high to be considered infinite. 


RESIDUAL RELAXATION FUNCTION 


The evaluation of the A and B integrals presup- 
poses a knowledge of the relaxation function ¢(¢), 
which characterizes the empirical relation between 
discharge current and time for the dielectric under 
continuous potential. The relaxation function is a 
decaying function of time which possesses a continu- 
ous derivative everywhere and which can always be 
represented by a series of negative exponentials of 
time. The number of such exponentials that will 
reproduce accurately the relaxation function de- 
pends entirely upon the nature of the problem and 
the range of time for which the empirical current- 
time relationisknown. Thus, in the preceding case,! 
it was shown that 3 exponentials were necessary and 
sufficient in most cases for the analytical expression 
of the relaxation function corresponding to the range 
of time from 1 to 12 milliseconds, since the computed 
values of the quadrature and in-phase components 
of current caused by reversible absorption, and 
hence the computed values of the A and B integrals, 
turned out to be essentially independent of the par- 
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ticular way in which the relaxation function was re- relation over the computed ordinates becomes ir 
solved into the sum of 3 exponentials, even though creasingly greater for values of time larger than th 
this resolution was otherwise quite indeterminate. value t), 12 milliseconds in this case, at which th 

On account of the nature of the method of 3 ex- first tangent is drawn. For values of time betwee 
ponentials, it is apparent from figure 1 that the ex- zero and the time corresponding to the first measu 
cess of the ordinates of the empirical current-time able ordinate of the empirical current-time relatio1 


N 


Va 


a 


Y? 
a2 
: as 
A Reenter 
Od 
Y 
= 


A 


= 


A G 8 
MILLISECONDS 


Fig. 1. Application of the method of 3 exponentials to a relation of charge and dis- 
charge current with time 


Dry paper specimen A7 at 60 degrees centigrade; 1,500 volts 
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as a function of time, the differences between the 
real ordinates and the corresponding ordinates com- 
puted by means of the method of 3 exponentials, 
and the resulting curve for the residual relaxation 
function would look, in general, very much like 
figure 2, where t; denotes the time corresponding to 
the first measurable ordinate and ft) the time at 
which the first tangent is drawn. The range of 


Fig.2. The resid- 
ual relaxation 
function 


gi(t)—Empirical re- 
laxation function 


S) 
g(t) = DBRe— <pi— 
1 


Sum of 3 exponen- 
tials 

go(t) = gilt) — ¢2(t)— 
Residual relaxation 
function 


Q t, to 


time from t, to t) exhibits zero discrepancy through- 
out and corresponds to the range for which the 
method of 3 exponentials is accurately applicable. 
It is evident from figure 1 and from the nature of 
the relaxation function that, for ¢ greater than fp, 
the curve of discrepancy versus time (figure 2) rises 
to a maximum and then finally decays to zero, 
because both the empirical and the computed 
curves decay to zero for sufficiently large values of 
time. For 0 < ¢ < h, as shown in the following, 
there is at present only indirect evidence to draw the 
curve in the manner illustrated in figure 2. 


CONTRIBUTION OF REVERSIBLE ABSORPTION 
TO THE IN-PHASE COMPONENT OF CURRENT 


Figure 5 of reference 1 gives the variation with 
frequency of the A and B integrals for a relaxation 
function expressible as a single exponential as char- 
acterized by the inverse time constant a and the 
constant multiplier 6. This variation may be ex- 
pressed analytically as follows: 


A(u) = fe e~” sech u | 
2a | 
(1) 


| 
J 


where wu is a new independent variable, a function of 
the frequency, defined by the relation & = w/a. 
When the relaxation function is expressed by the 
sum of several exponentials, there will be associated 
with each exponential, and hence with each set of a 
and 6 values, a pair of curves similar to those de- 
fined by equation 1 and giving the variation with 
frequency of the individual contributions of each 
exponential to the A and B integrals. In order to 
construct the over-all frequency variation of the A 
and B integrals, it becomes necessary to plot on the 
same set of axes, using log w as the independent vari- 
able, each pair of curves, one pair to each exponen- 
tial, drawing the point of inflection of A and the as- 


Bu) = Ld sech u 
2a 
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sociated maximum of B at a value of w equal to the 
corresponding value of a for each particular expo- 
nential. Thus, the variation of the B integral with 
log w, for example, is a composite curve made up of 
the sum of simple hyperbolic secant curves, each one 
of maximum value 6;/2a,, occurring for values of 
frequency such that w = a, where k = 1,2, etc., de- 
notes the ordinal number of each exponential term 
appearing in the relaxation function. In applying 
the method of 3 exponentials, it has been shown that 
the maximum of a fourth exponential that might be 
introduced occurs at a frequency far removed from 
the frequency being studied, and that its contribution 
to the B integral or the total in-phase component is 
negligible. The maximum of each contribution 
occurs at a value of w equal to the inverse time con- 
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stant a of that exponential. Therefore, only the ex- 
ponentials with values of « in the neighborhood of 
w at the frequency at which correlation is intended 
contribute an appreciable amount to the loss com- 
ponent B(w). 

The same reasoning, applied to examine the time 
range within which the d-c measurements will give 
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Fig. 5. Chart 2, for the computation of the in-phase component of current, under alternating 

stress, from a knowledge of the current-time relation under continuous potential, corresponding to 
a single exponential term 
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INCREASE IN CAPACITANCE BECAUSE OF ABSORPTION 


The composite curve showing the frequency varia- 
tion of the A integral may be constructed in exactly 
the same manner as that of the B integral by using 
once again log w as the independent variable. Here 
the set of curves is defined by the first equation 1, one 
for each exponential, and each one symmetrical with 


Y Fig. 6. Slowly 
decaying expo- 


INCHES 
l nential term 


a 
(hee =e 1 j 


respect to its own point of inflection which occurs at 
a value of frequency such that w = a, where k = 
1,2, etc., denotes the ordinal number of each expo- 
nential. The ordinates to the point of inflection in 
each case have the value §;/2az. For frequencies 
sufficiently low, each exponential contributes to the 
quadrature component A(w) its maximum value 
8,/az, whereas for frequencies sufficiently high, all 
the individual contributions vanish asymptotically. 

For a given frequency, those exponentials with 
values of a considerably smaller than the value of w 
for which agreement is being examined exhibit con- 
tributions to the quadrature component which have 
already practically vanished, since their points of in- 
flection are to be found in the composite curve at 
values of w considerably smaller than the value which 
is the object of discussion. Conversely, those ex- 
ponentials characterized by values of a in the neigh- 
borhood of the value of w at which correlation is in- 
tended and all the exponentials with greater values 
of a, respectively, will contribute to the composite 
curve at w a fractional amount of the maximum and 
the full amount. This statement justifies the con- 
tention, mentioned elsewhere, that the method of 
3 exponentials is inadequate for the accurate pre- 
diction of the increase in capacitance caused by 
absorption. Evidently, from figure 2, if the residual 
relaxation function corresponding to 0 < t < t, is not 
negligible and, hence, susceptible of resolution into 
the sum of several exponentials, then each of these 
exponentials, although contributing nothing to the 
in-phase component 6(w), will contribute practically 
its maximum value 6;/a, to the quadrature compo- 
nent A(w). For t > t, the curve of residuals is no 
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longer expressible as the sum of simple exponentials, 
but here again the direct numerical integration of A 
shows that this portion of the relaxation function 
possesses a negligible contribution to the quadrature 
component. It then becomes evident that by neg- 
lecting the rapidly decaying terms that might enter 
into the relaxation function and which have escaped 
detection by practically vanishing before the begin- 
ning of the d-c oscillographic records, the method of 
3 exponentials will usually yield results which are 
lower than the true values when predicting the ca- 
pacitance or quadrature component, although it will 
predict accurately the correct value of the in-phase 
component of current resulting from absorption. 


EXPERIMENTAL RESULTS 


In order to test out experimentally the preceding 
conclusions, it is found convenient to use the expres- 
sion 


AG =tC! —2 Gy SAG (2) 


which shows the increase in capacitance caused by 
reversible absorption as proportional to the geo- 
metric capacitance (>. When all the quantities 
entering into equation 2 are known from observation 
and computation, it is possible to predict the increase 
in capacitance caused by absorption (ACo) and to 
compare this computed increase with the actual meas- 
ured increase (C’ — C)) taken as the difference be- 
tween the capacitance measured at the given fre- 
quency of observation and at a frequency sufficiently 
high to yield the correct value of geometric capaci- 
tance. 

Such comparison has recently been carried out by 
Whitehead and Greenfield,* who performed an ex- 
tensive study of the dielectric properties of cellulose 
paper. Tables I and IV of their paper are of particu- 
lar interest in the present discussion. Table I (page 
1392, reference 3) gives their analysis of power fac- 
tor and capacitance for a paper specimen at the con- 
stant temperature of 100 degrees centigrade for 
various stages of drying as indicated by the successive 
lower pressures of evacuation. Table IV (page 1500, 
reference 3) gives the same analysis for a standard 
state of dryness and various temperatures from 20 to 
100 degrees centigrade. Both tables give for each 
value of the variable parameter, drying pressure in 
the first and temperature in the second, the meas- 
ured and computed increases in capacitance caused 
by reversible absorption at 60 cycles. Except for one 
single case in each table, the computed increase in 
capacitance is found to be smaller than the corre- 
sponding measured increase, the discrepancies rang- 
ing from 3 to 15 per cent. It is significant that al- 
though both tables show the predicted increase in 
capacitance as consistently lower than the measured 
increase, the predicted power factor, when compared 
with the measured power factor, exhibits much 
smaller discrepancies without any definite tendency 
in sign. This experimental evidence strengthens the 
hypothesis that the relaxation function of a dielectric, 
as shown in figure 2, may contain rapidly decaying 
exponential terms, which escape detection by the 
amplifier oscillograph and which lead, when the 
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method of 3 exponentials is applied, to computed 
values of the increase in capacitance caused by ab- 
sorption that may be considerably lower than the 
observed values. 


SUMMARY 


1. The method of 3 exponentials has been developed as a con- 
venient and sufficient expression for the relaxation function of a 
dielectric at a given temperature. 

2. The method developed furnishes an empirical equation for the 
relaxation function which constitutes an accurate analytical repro- 
duction valid only within the range of time for which the method 
was applied, and, for values of time before and after the specified 
range, the computed ordinates are smaller than the real ordinates. 


3. As far as reversible absorption is concerned, the criterion for 
suitable d-c measurements which are to be used for the accurate 
prediction of the a-c behavior demands that the oscillographic d-c 
measurements cover initial intervals of time of the same order of 
magnitude as the period of the alternating potential. 


4. The method of 3 exponentials (by neglecting the rapidly decaying 
exponential terms that might enter into the relaxation function of a 
dielectric and that have practically vanished by the beginning of 
the d-c oscillographic records thus escaping detection) although 
predicting accurately the correct value of the in-phase component 
of current due to absorption, will usually yield results which are 
lower than the true values when predicting the capacitance or 
quadrature component. 


Il. Power Factor and Dielectric Loss Charts 


The computation of the in-phase component of 
current caused by reversible absorption has been 
shown to be 


EL = Bins (3) 


where J”, equalling wi), is the charging current of 
the geometric capacitance and 6 must be computed 
from a knowledge of the a and 8 constants of the 3 
exponentials into which the empirical current-time 
relation has been resolved. The application of the 
method of 3 exponentials to a great number of cases 
made it necessary and convenient to simplify the 
labor of numerical computation. The power factor 
and dielectric loss charts described in this section 
were thus constructed in an attempt to reduce to a 
minimum the numerical computations involved in 
the direct application of equation 3. 


CONSTRUCTION OF THE 
“PSEUDOTOPOGRAPHIC”’ CHART 


To simplify the discussion, for the time being a 
hypothetical relation between discharge current and 
time defined by a single exponential term may be 
considered : 


ty(t) = ECoBe-@ (4) 


and the in-phase component of current may be com- 
puted which, by introducing in equation 3 the ex- 
plicit relation defining the charging current of the 
geometric capacitance and using equation 8 of refer- 
ence 1, may be expressed thus: 


? o2\ +1 
a= Boal 1 SF =) (5) 
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where E is the effective value of the applied alternz 
ing potential. Plotting equation 4 in semilogarit 
mic co-ordinates, that is, the logarithm of the ct 
rent against the time in seconds, gives the straig 
line shown in figure 3. The intercept on the y a3 
is a measure of the triple product (ECo8) and t 
slope of the straight line is a measure of the inver 
time constant a through the relation 


a= ktan 6 ( 


where 6 is the angle that the line actually mak 
with the x axis (figure 3) and k, a constant for a giv: 
set of co-ordinate axes, is given by the relation 


™m 
k = — log,10 = 2.3026 — 
Ms 


Mx 

as determined by m, and m;, the respective modi 
for the co-ordinate axes. All the experimental wo: 
previously discussed was performed at a frequen: 
of 60 cycles per second and the current-time relatios 
were all plotted in semilogarithmic co-ordinates 6 
9 inches as shown in figure 1, which is here repr 
duced to a reduced scale. The range of curren 
measured at different temperatures and voltages ar 
for different specimens determined the choice | 
modulus for each co-ordinate axis as follows: 


0.333 per inch (that is: 1/3 logarithmic cycle per inch) 
0.002 seconds per inch 


My 
Mx 


Substituting these numerical values in equation 
yields k = 383.8 radians per second. 

From equations 5 and 6 it is possible to exhibit tk 
in-phase component of current J,’ as a function of 
independent variables, namely, the y intercey 
(ECB) and the inclination @ with respect to the 


axis. Thus 

r’ = (EC£)-f(9) (: 
and 
W@) = (: + = tan* 0) -@ 


where 0 < 6 < w/2. In equation 9 the numeric: 
coefficient k?/w* is very nearly unity at 60 cycles ( 
= 377 radians per second) with the result that tk 
graphical representation of equation 9 looks esse 
tially like a cosine-squared curve. 

The form of equation 8 suggests the possibility « 
the graphical representation of the curves I,’ = cot 
stant in whatever manner may prove most conv 
nient. In this case it was agreed to represent poin' 
in the plane by means of 2 co-ordinates, (1) dowt 
ward ordinate log (EC), and (2) clockwise pol 
angle 6. The curves J,’ = constant (figure 4) the 
were drawn through a sufficient number of compute 
points by first assigning several values of @ in su 
cession, the corresponding values of f(@) being dete 
mined from equation 9, and finally, by substitutir 
in equation 8, for a given constant value of I,’, tt 
corresponding (downward) ordinates, log (2Co 
were computed for the various chosen values of 
This is illustrated clearly in figure 4 which gives tk 
general shape of the family of curves J,’ = constart 
in the adopted system of co-ordinates. It is to kt 
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’ 

observed that the quadrilateral 1234 (igure. 4) is curves J,’ = constant corres 
formed by the intersection of any 2 given members 
of the family of straight lines through the origin 9 = 
constant corresponding to the values 0. < 6, < O. < 
x/2, with 2 other given members of the family of 


a 


values (I,’); and (J,’)s. 

The chart plotted for the co-ordinate paper al- 
teady described and following the prescriptions 
given herein is shown in figure 5. It is called a 


ponding to any 2 given 
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“pseudotopographic”’ chart, because it constitutes 
essentially the mapping out of the co-ordinate plane 
into lines of equal values of the in-phase component 
of current caused by reversible absorption. Every 
point in this chart belongs to a member of the family 
of curves J,” = constant and is furthermore charac- 
terized by 2 co-ordinates: its downward logarithmic 
ordinate, a direct measure of the triple product EC); 
and its clockwise polar angle 6, a measure through 
equation 6 of the inverse time constant a. Con- 
versely, to a given set of values of EC)6 and a there 
corresponds a point of the co-ordinate plane through 
which passes a curve J,’ = constant, the value of 
which is given by equation 5. Therefore, this chart 
may now be used to determine graphically the in- 
phase component of current corresponding to the 
single exponential term of, say, figure 3, which is 
typical of the kind of single exponential terms amen- 
able to the use of the ‘‘pseudotopographic”’ chart. 
By superposing the chart on the graph of figure 3, 
making the origin of the chart coincide with the 
point a, and by lining up the 2 respective vertical 
axes, the correct value of the in-phase component of 
current I,’ is read directly off the chart at the point 
b, the intersection of the straight line with the hori- 
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zontal time axis. This is obviously true because th 
chart was drawn to give the actual value of J,’ fe 
such points as b in terms of the y intercept and th 
actual slope of the line ab. It may be noticed the 
this chart, when used’ in the manner described a 
illustrated by the typical example given in figure 

and discussed in a later section, automatically deter 
mines the values of LC,6 and 6 and performs th 
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Fig. 9. Typical example illustrating the use of chart 

2 for the determination of |; corresponding to a 

single exponential term. The arrow points out the 
correct value to be read off the chart 


numerical operations embodied in equations 8 an 
9 to give the required value of the in-phase comp 
nent of current J,’. Thus, the direct application « 
this chart not only eliminates the labor of numeric: 
computation, but actually dispenses with the evalu: 
tion of the y intercept and the slope of the straigh 
line which characterizes, in semilogarithmic 
ordinates, the decaying current-time relation define 
by a single exponential. 
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CONSTRUCTION OF THE ALIGNMENT CHART 


When the straight line giving the graphical repre- 
sentation of equation 4 in semilogarithmic co-ordi- 
nates intersects the horizontal time axis outside of the 
co-ordinate paper, as shown in figure 6, the ‘‘pseudo- 
topographic” chart described hereinbefore is no 
longer applicable. To treat such slowly decaying 
exponential terms it became necessary to resort to 
the nomographic or alignment chart shown in figure 
7. This chart was designed to perform, for a given 
known value of a, the operations called for by equa- 
tion 5. The procedure to be followed in construct- 
ing an alignment chart to perform a given set of 
numerical operations will be omitted here, since it is 
fully described in various manuals on the subject of 
graphical and mechanical computation such as the 
excellent book by J. Lipka.? 

This alignment chart is used in a similar manner 
by superposing the chart on the graph of figure 6, 
making the origin of the chart coincide with the point 
a, and then lining up the respective vertical axes as 
with the “‘pseudotopographic”’ chart. The value of 
a is first read off scale A at the point of intersection 
of the straight line ab and the A scale. This point, 
as well as the subsequent application of the align- 
ment chart, is illustrated by figure 8, which refers to 
a slowly decaying exponential somewhat different 
from the one given in figure 6, but to which the same 
principles apply; in fact, it is sufficient to recognize 
the point a as the intercept on the axis of ordinates 
and the point b as the intercept on a line parallel 
to the axis of ordinates and drawn 6 inches (on the 
full-size graphs) to the right of the origin. Then, 
with a straight edge from scale B (or C) the value of 
« already determined is lined up with the value of 
ECB, as set off on the proper vertical scale (figure 8) 
by the horizontal time axis of figure 6, and the value 
of the in-phase component of current I,’ is read di- 
rectly from scale B’ (or C’) at the intersection of the 
straight edge with the corresponding scale. This 
point is illustrated by a typical example in figure 8. 
The purpose of the double range, scales B and C, is 
to furnish greater accuracy to the region more com- 
monly used in practice. 


APPLICATION OF THE CHARTS 


To illustrate with a numerical application the 
power factor and dielectric loss charts described 
nereinbefore, the case illustrated in figure 1, which 


Table I—Numerical Example Illustrating Use of Charts 


charge and Discharge Current-Time Relation at 1,500 Volts. Dry Paper 
Specimen A-7 at 60 Degrees Centigrade 


= 


— 


(1) (2) (3) (4) (5) 


a, I,’, Ampere X 10-8 
Radians i(0) =ECop, 

Exponential per Second Ampere X 10-§ Computed From Charts 
First. COR kas Saat OlBBioh civ steers ESA Es fore ees ic 0.318 
RICCONG . .tcts ois ae IDOOIE, rar swrtcue WAG Sth an GSB 5 ici cacdes 0.522 
NS ee Fee eeroarnonOIe 1 Df CRE RCC DOO ic, curate ole (OCS Sars cites 0.210 

Stummaion acs. «ear PAPO Giniote eels, au:a 5 1.050 
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furnishes a typical relation between discharge cur- 
rent and time resolved into the sum of 3 exponentials, 
may be considered. Table I gives the numerical 
constants of the 3 exponentials, namely, the inverse 
time constant a and the triple product 7(0) = EC. 
The normal charging current J” of this specimen at 
1,500 volts and 60 cycles, computed from the ap- 
parent capacitance as measured by the power factor 
bridge,’ was found to be 431 X 107° ampere. 

The knowledge of the numerical constants of each 
exponential permits, by the use of equation 5, the 
computation of the individual contributions of each 
exponential to the in-phase component of current 
I,’. The results of these computations are given in 
column 4 of table I. Similarly, the graphical resolu- 
tion of the current-time relation as given in figure 1 
allows the direct application of the charts in the 
manner indicated in the preceding. In figure 1 the 
3 exponentials are represented by the straight lines 
marked 1, 2, and 3, respectively. Thus, to the first 
exponential apply the alignment chart to determine 
first its inverse time constant a and then, carrying 
out the instructions given before and illustrated in 
figure 8, determine its contribution to the in-phase 
component of current J,’.. To the second and third 
exponentials apply the ‘‘pseudotopographic’”’ chart 
to determine directly their respective contributions 
as shown in figure 9 which here refers to the second 
exponential. These values and their sum are given 
in column 5 of table I. It may be seen by compari- 
son of columns 4 and 5 that direct computation and 
the use of the charts yield numerical results which are 
in very close agreement. 

From a knowledge of the total in-phase compo- 
nent of current J,’, either from direct computation 
or from the use of the charts, it is possible to compute 
at a given voltage, the contribution of reversible 
absorption to the phase defect angle (tan y,) and 
dielectric loss (W,) of the specimen by means of the 
equations: 


tan vr = LL! W, = 13H) bd (10) 


where £ is the effective value of the applied alternat- 
ing potential and [” is the charging current of the 
capacitor at the frequency of observation. The 
value of J” may be computed from a knowledge of 
the apparent capacitance of the specimen, as de- 
termined by means of the Schering bridge, or may be 
measured directly with a suitable milliammeter; 
both methods were employed in this investigation. 
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Currents and Potentials Along 
Leaky Ground-Return Conductors 


Current propagation and earth potentials for 
earth-return conductors with application to 
electric railway systems are discussed in this 
paper. General formulas are derived from 
which solutions may be obtained for prob- 
lems such as propagation of track currents 
and voltages, and earth potentials imposed 
on neighboring conductors. 


By 
E. D. SUNDE 


ASSOCIATE AIEE 


Bell Telephone Laboratories, Inc., 
New York, N. Y. 


ie OBJECT of this paper is to 
derive general formulas for currents and potentials 
of a long, straight, uniform wire lying on the earth’s 
surface but separated therefrom by a thin con- 
ducting shell and subject to an arbitrary impressed 
electromagnetic field varying with the time as 
exp(zwt); a general formula is also given for earth 
potential for these conditions. These results gener- 
alize the ordinary treatment of transmission effects 
in earth return conductors. By specializing the 
field, solutions are obtained for conditions basic to 
the application of the results to problems associated 
with electric railway systems, including propagation 
of track currents and voltages, earth potentials im- 
posed on neighboring communication lines, currents 
and potentials of neighboring cables and other con- 
ductors, and electrolysis problems. By introducing 
approximations, the relation of the propagation 
constant ordinarily employed to the basic circuit 
and earth constants is disclosed. 


I—General Formulas 
PHYSICAL ASSUMPTIONS 


A straight conductor of infinite length, radius a, 
and unit length internal impedance z, extends along 
the x axis at the surface of the earth, which is 
assumed to be homogeneous or horizontally strati- 
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fied. To account for imperfect contact betwee 
conductor and earth, the conductor is assumed su 
rounded by a shell of negligible thickness and unit 
length leakage conductance g, which in general is 
complex quantity dependent on the conductivit 
and dielectric constant of the shell. It is assume 
that the potential is constant over a given conducto 
cross section and that the axial current density ha 
circular symmetry about the conductor axis. Th 
conductor is located in an impressed electromagneti 
field varying with time as ¢” and having an axie 
electric intensity, E°(«), which is assumed constan 
over the conductor cross section. The impresse 
as well as the resultant electric force in the vicinit 
of the conductor may be decomposed into 2 com 
ponents. One of these components has a vanishin 
curl and is therefore the gradient of a scalar poten 
tial, which is here referred to as the earth potentia 
V°.(x,y) being the impressed and V.(x,y) the re 
sultant earth potential. 


GENERAL SOLUTION 


With the foregoing assumptions the conducto 
current, (x), the conductor potential V(x), and th 
potential at the surface of the earth V.(x,y) are give 
by: 


ie) = f . “du 


foe) 


Ve Vc), = al 


— 2 


tue(u) 
A(u) 


[g-! + q(u,a)] edu ( 


[oa] 


tue(u) 


V.°(x,y) — Ve(x,y) = ji OS 


— 0) 


q(u,y) “du 


where 


A(u) = w[g + g(u,a)] +2 + p(u,a) 


foo} 


p(u,9) = io f P(r) dy ] 


E ae r= Vv + yy? 
= if O(r) edu j 


1 , 
= = f Boas 
2Qr 


Aside from r the functions P(r) and Q(r) depen 
on the frequency, the earth resistivity and structure 
the depth of the conductor below the surface of th 
earth, and at very high frequencies also on the dis 


q{u,y) 


e(u) 
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lacement currents in the earth and in the air. 
hey are known for a number of earth structures 
ich as homogeneous earth,! 2-layer earth,? and 
sponential variation in the earth resistivity with 
epth,* for wires on the surface of the earth and 
ith displacement currents neglected. The case of 
ires below the surface of a homogeneous earth is 
iven in the second of the papers referred to, which 


Table I—Solutions of 4 Special Cases 


| (x) q| bd 
V as 
v.09 } on 


(u ) eitu 
Peg) eo 


—— = 


Case F(u) Fi(u) F,(u) 
1 
i 2V(0) | --2V(O)iule-1+q(u,a)] |—2V(0)ing(u,y) 
~ 2Vv(0) 
2 
© —Jiule3+ |Jle~'+q(u,a)][z+p(u,a)] |Ja(u,») 2+ 0(u,a) | 
H q(u,a)] 
3 
: 2 T{ A(u)alan +9) ] 
Roh Jiug(usy) \F-q(u,y1) [2+ (14,0) ] ais) 
__— 
4 
J fe) : 
p21? df ~ P(t) —Jp(u,91) [e-1+-9(u,a)] | —Jp(u,n)q(u,y) 


foo} 


= iw f Perewas 
q(u,y) = f ereras 


r= (v2 + yr) \/2 


(uw) = u®[g-1 + g(u,a)] + 2 + p(u,a) p(u,¥) 


g = leakage conductance, mhos per meter 


% = internal impedance, chms per meter 


@ = conductor radius, in meters 


d1 = separation from leaky conductor of energized 
electrode or isolated wire, in meters 


y = separation from leaky conductor of the point at which the earth poten- 
tial is taken, in meters 


onductor at Surface of Homogeneous Earth 


ve Y! eYT -—1—vyyr 


Qs ae 


(7) = 


ae (yr)2 Yr 
p 
(9) = J [lui Kullugl) — Vota? KiyV +d] aluy) = © Kaltuyl 
= (iw/p)'/2 py = 47-1077 henries per meter 
= 20rf p = earth resistivity in meter-ohms 


and Ki are Bessel functions of the second kind for imaginary arguments, of 
‘spectively zero and first order, as defined by Watson. 


lso, although indirectly, contains expressions for 
(vr) and Q(r) which include displacement currents. 
‘he above functions and the functions p(u,y) and 
(u,y) for homogeneous earth are given in table I. 
The general solution may also be written in the 
orm : 


I(x) ee h (x — v) 
Bc) — Vix) = f ORE CO es (2) 
(x,y) — Velx,y) hy (x — v) 


here h(x), hi(x), and h2(x) are obtained from the 
ategrals in equation 1 by taking e(w) = 3/.7 and 
re respectively the conductor current, the conductor 
otential, and the earth potential obtained at x 
yhen a unit voltage is applied across a break in the 
onductor at the origin. 


—o 
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Equation 1 (or 2) for the current is the solution 
of the following integro-differential equation: 


= (e's) + f Me)O(G\dA ea 


— oo 
co 


iw Hi I(r)P(s)dr = —E(x) (3) 


—o 


where the primes indicate differentiation and s = 
[Ge 7)* + aa}t/s. 

The function zw P(s) gives the axial electric force 
at the surface of the conductor at x for unit total 
axial current at 7, and the function Q(s) gives the 
potential of the earth adjacent to the conductor at 
x for unit total radial current leaving the conductor 
al a. 

The usual differential equation of propagation is 
obtained from equation 3 by assuming that J(7r) and 
I'(r) are practically constant and equal to J(x) and 
I'(«) in the range in which P(s) and Q(s) have any 
appreciable values. Equation 3 then reduces to 
the form: 


& = -: 2 | 1) = 


— F(x) (4) 


where 


co 


G1 = g- + foe Zastiv { Pedr 


— © 


The solution of equation 4 differs from the solution 
of equation 3 in that a and h(x) are changed into 
Ao(t) «= WG Tee Zi and! thy) Ge ay oie 
where Ty = (GZ)*/2. 

Since in the important part of the integration 
range p(u,a) and g(u,a) vary nearly logarithmically 
with uw, large variations in u produce relatively small 
changes in these functions. For this reason equa- 
tion 1 or 2 will give rise to approximately exponen- 
tial modes of propagation, with propagation constant 


Tr = [G(8)Z(6)]"/* 
where 
G(B) = [g-! + ¢(B,a)] 4, Z2(8) = z + p(B,a) 


6 being a constant which is so chosen that it gives a 
good approximation to p(w,a) and g(u,a) in the im- 
portant part of the integration range. For 6 = 0, 
G(0) = G, and Z(0) = Z, the earth return impedance 
of the conductor. 

With sufficient accuracy for most practical pur- 
poses 6 may be taken equal to I, in which case a 
transcendental equation for T is obtained. From 
this equation T may be obtained in terms of the basic 
constants of the problem: the earth resistivity, 
conductor radius, internal impedance, and leakage 
to ground, g. Such a relation is not obtained in the 
usual formulation, in which the leakage conductance 
G and the impedance Z are postulated quantities of 
a semiempirical nature. 

With the above approximations the function h(x) 
of equation 2 is changed into G(T)e—?*!/2r. 
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SOLUTION BY SUCCESSIVE APPROXIMATIONS 


Equation 3 may be solved by successive approxi- 
mations in the following way: The current is first 
assumed to be given by: 


I(x) = Ty(x) + In(x) (5) 


where /,(x) satisfies the equation: 


jenn = zx) | Pw ED) (6) 
where G(T), Z(1), and [ are determined as stated 
hereinbefore. 

If equation 5 is inserted in equation 3 the resulting 
equation may be separated in 2 parts, one of which 
is identical with equation 6 and a second part which 
has the same form as equation 3 but a different 
electric force, /,°(x) on the right-hand side. 

The second term J,(x) may now be assumed of 
the form: 


I,(x) = Tn1(x) =F Tn(x) (7) 


where the first term satisfies the equation 
da? 

jeun Sana AGN, | In(x) = —E,)(x) (8) 
dx? 


The procedure may now be repeated to obtain an 
equation for I(x) = Ton(x) + Is22(x), ete. 

The current /2(x) is given by the following sum- 
mation: 


Tn(e) = 3 


n=1 ee 


a 
én (u) “du 


ii wG kr) + Z(T) 


(9) 


where 


SG) { w[g(T,a) —q(u,a)] +p(T,a) — p(u,a) \ n 
WGA) + Zr) f 


en(u) 


Successive terms in this summation correspond re- 
spectively to n(x), Isn(x), ete. 


II—Special Cases 


In the following are considered 4 special cases of 
impressed electric force, which are shown together 
with their solutions in table I. Approximate for- 
mulas for these cases are given in table II for the 
special condition of homogeneous earth. These 
special cases were taken because of their practical 
application in problems connected with electrified 
railway systems. 


CASE I 


Discontinuity in conductor at origin; voltage applied 
across break. The electric force E°(x) is required to 


vanish at all points except near x = 0. The once 
sion: 
E"(x) 7 en ff sin ul edu 
w * ul 
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gives an electric force (0) in the interval —/ S x: 
and zero outside this interval. The expression { 
e(u) is then 
(a) = BODE Sin 

a ub 
Inserting e(w~) in equation 1 and taking V.°(x,a) = 
the limiting values I(x), V(«), and V.(x,y) are t 
required quantities when V(0) designates the lin 
approached by JE(O) as E(0) becomes infinite at t 
same time as / becomes zero. 

Approximate Formulas. The approximate fc 
mulas are obtained by approximating the functio 
p(u,y) and q(u,y) in the manner described in part 
The value of 6 has been taken equal to I, and t 
formulas for G(T) and Z(I) given in table II e 
obtained by taking the first terms in the expansi 
of p(T,a) and g(1,a) for conductors at the surface 
a homogeneous earth.* The following transce 
dental equation for the propagation constant of t 
current is then obtained: 


T= (G(r)Z(r)]'” 
where, with the notation of table IT, 


112 eee ee 
G(T) = le +” log. | 
7 
} UBS 5 6 
Z(v) =2z+ ed log, 
Qn aa 


The above equation may be solved by the meth 
of successive approximations. A convenient fir 
approximation is fr = T, = (gZ)*/2 since Z = 4 
is the usual first approximation to Z(T) and g 
usually of the same order of magnitude as G(L). 

The earth potential is obtained as follows: 


Cae 


Velx.y) = ae 


a f tf ee 
= - Sao fly) 
ie O(r) emer ou 


== /00) i==—"109; 


= J) Ba e!? O(r)dv — & feronae | 
ee 


—x x 


V(0)G(r) f es) 


With Q(7) = p/2ar, r = (v2 + y?)'/2, the formu 
given in table II is obtained. 


CASE 2 


Conductor energized to a remote point over a perpe 
dicular tnsulated wire. This case may be obtain 
from case 1 by application of the following propo 
tion which follows from the reciprocal theorem: 


Ce AEE) 

21(0) 2V(0) 

where 

I(x) = current in case 2 


* The functions p(u,a) and q(u,a) given in table I for homogeneous earth 


obtained from pairs 917.8 and 918 of ‘‘Fourier Integrals for Practical Appl: 
tions’ by G. A. Campbell and R. M. Foster, Bell Telephone System Techn 
Publication, Monograph B-584. 
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V(x) conductor potential in case 1 
27(0) = current entering conductor in case 2 
2V(0) = voltage applied in case 1 


From this relation it follows that in case 2: 


pty, 
e(u) = — i tu[g-1 + g(u,a)] 


CASE 3 


Electrode near conductor energized to a remote point 
over a perpendicular insulated wire. In this case the 
impressed earth potential along the conductor is: 


72°(x) = JQ(R:), Ry = (x? + yy?) 


where 3, is the separation of the energized electrode 
from the leaky conductor and J is the current enter- 
ing the earth at the electrode. 

From relations given in part I it follows by Fourier 
transformation (after changing u to —w) that: 


1 : 
Q(R:) ra Qn fatwrean 
ie A 


The impressed force along the conductor is: 


foe) 


Hence 
Ue. 

e(u) = — — tug(u,y) 
Qa 


CASE 4 


Conductor paralleled by an insulated wire which 1s 
energized to a remote point over a perpendicular insu- 
lated wire. In this case the impressed electric force 
along the conductor is: 


0 rc) 


Jp Jf 
E(x) = a tw J Pooar aes ta [P.oae 


—o 0 


where s; = [(x — 7)? + y,?]'”, ». = separation of 
conductors, and J/2 and —J/2 are the currents in 
the insulated wire for x less than and greater than 
zero, respectively. 

By change of variable of integration: 


x 


= s ial f Plrdao — { Pordao' ry = (v? + yi7)1%2 


foo) 


EX¢) = 


From reiations given in part I it follows by Fourier 
transformation (after changing u to —) that: 


d V.%(x) If : ‘ 1 ; 
E\x) = = ——— = —— | tuq(u,y)e 7 "du iwP(r1) = -— | plume’ du 
dx Pie Qr. 
— © —o 
Table IL—Approximate Formulas 
Case Approximate Formulas y Notation 
1 ; * eee 
12) = yo) 2 .-Tle! = 71¢0).- Ti! ped ee 
r o(u,v) = es 
I(x) | r ; V/ 72 + x 
=e Viz) = +10) —— «Trl, ax >0 Tie 
>| ke G(T) — 
2v(0) | er iS Tx = Jo(v) loge ( —— ) = 3 vot) + =A 
Ve(x,y) = 1(0) a fe P*g(rx, ry) -opgbs $(—Yx,Ty)] = Jolv one (— =a 2 o(% sp) n 
a n=1 
; 5) = = <= — where w = (u? + y2) \/2 and: 
' 
1 1 — 
OMe 22th, eer Ao = 0, Ar = w,... An =~ [wun t— (nm — 1)o*An-a] 
) z fee (0,0) = = [Ho(v) — Yo(v)] 
' V (x) = € 4 2 
' 2G(T) re 
ito it pit : ae o(¥ u,b) = + Ei(+u)—-(1= ie See! = loze (2/8) | 
{ Ve(t,9) =o fe )*acre,ry) + <b * 6(— Px, Ty) ] 
D De fil CS WHS 6+: 
2 - = = Jo = Bessel function of the first kind, zero order 
3 Yo = Bessel function of the second kind, zero order 
ie Z oe fe g(re,Ty) — BE Px, Ty)] Ho = Struve’s associated Bessel sears sir zero order 
t “~ us 
: F —"d 
@ V(x) = 2 OE fe—T*g¢re,ry) + P*4(—Ts,Ty)] CEO EE ar ee Sore B ES ie 4 
p 2 27 airs 
' , u 
J Ve(x = 
i e(%,9) » = M(T)/Z(P) @ = conductor radius, 
Jp } 1 _ eG(L) Ko(Vy) [ 2 re! *o(rx,Py)—Tel* x 1 meters 
Bik nea om R an R ae M(T) = 21w1077 loge mee z = internal impedance, 
Y, R, “= ¢(—Tx ry) | ; ¥ 85 mee ee 
_ {ae ZT) = 2+2ia1077 loge aa & = leakage conductance, 
z Moe mhos per meter 
it ; ; ee hs 
itd oa —T |x| v a p = earth resistivity, 
' I(x) = +~—y(l—e yF Eat g > ee 
@ J 2 r= VGMaZ(r) meter-ohms 
Ja : V2 J r —T}x| a? = iwvp 1+ T2, w = Qxf 
i — Vix) =e eg tt 2 ; 
nn eS eee Se ee Se Gr) : » = 4n-10~7 henries per meter 
i i Pr ‘ ae y = separation at which earth potential is taken, 
Y) V(x) = — = p— fe! *o(rx,ry) + « *6(—Tx,T'y)] meters 
2° Qe “i = separation from leaky conductor of energized 
{ electrode or isolated wire, meters 
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Inserting this relation in the preceding expression 
and integrating, 


1 ; 
E\x) = abe P(u,y) “du 


Hence 


Jal 
Qa 14 


COMPARISON OF CASES 


The solutions for the preceding cases may be ob- 
tained in a number of other ways. Thus, case 2 may 
be obtained from case 3 and vice versa, by noting 
that by the reciprocal theorem the conductor poten- 
tial with the electrode energized must equal the 
earth potential at the electrode with the conductor 
energized. Case 2 may also be obtained as follows: 
On the current obtained by letting in case 3 the 
electrode separation approach the conductor radius 
is superposed the current due to an impressed poten- 
tial between the conductor and the earth adjacent to 
it. This potential is assumed to vanish except at 
x = 0. The result for case 1 may be obtained 
by assuming the current to be induced in the leaky 
conductor by energizing a small rectangular loop 


Table III—Leaky Conductors Near Electrified Tracks 


TROLLEY + J/2 
a 
TRACK 1,6, |tY YI 
mK y 
CABLE T2,G2 a(x) ee 
Depth d small 
J Gal—p)Ty? 
fi xy CE Es ae 
2(x) nits {y(Tex) —y(Tix)] rem 
GU is J pGoT: = ! 
U2(x) = 3 ao(Ti?— 122) [vx (Tex) — ae (l—n)e Pilz! {F2 Bi(Ter) = 
v2 (Tix) at 
Tote ene ele Ter) +41) 
GR») 3 Say ee a es ae where Iny< < 1 
T2 Qa 
o(I'x, Piy2) —ef *g(— Px, Try) | CEA 
where +x = 0 _ JeGels (L—p)e7 Fila] ¢ Fey x 
Yol(Tis) = Zt! _ oF | re x hy 
1%) = 412 mo Ee, ty . 
2 ars fe Ei(Ter) +e 7°) [Ei(— Ter) +ix]} 
where Inv< <1 
(Tx, Tin) + ef *o(— Px, Piy2)] ; 


Ux(x) = potential between cable and adjacent point in earth, in volts 
a p 1.1277 A r 
G: = [« 1 -+- log, all A a2 = outside radius of cable duct, in meters 
T2 = propagation constant of cable, per meter 
g2 = cable leakage conductance as measured to outside of cable duct, mhos per 
meter 
Zn = mutual impedance of track and cable, ohms per meter 
$(u,v), Hi(u), p and uw as in table IT. 


in its vicinity. Such a metallic loop may be ob- 
tained by superposing 4 insulated circuits of the 
kind used in case 4. 

In the first and second cases there are discontinui- 
ties in voltage and current, respectively, atx = 0. 
In the third and fourth cases there are no discon- 
tinuities. In the first case the current is an even 
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and the potential an odd function of x; in the other 


cases the opposite is true. The third case may 
appear to be a special condition of the second case 


in which the electrode separation is equal to the | 
This is true only when the con- 


conductor radius. 
ductor is in perfect contact with the earth. The 
first case is, with 2V(0) = 1, the fundamental case 


ibe | is Uy uy ae 
:. Omer | WS i 


Fig. 1. Some cases obtained 
by superposition of cases 2, 3, 
= and 4 


Solid curve—Leaky conductors 
Dashed curve—Insulated conductors 
Dots—Electrodes 


referred to in part I, in terms of which other solu- 
tions are obtained by means of equation 2. 

Solutions have been published for the second and 
third cases for the special conditions of direct current 
and perfect contact between the conductor and the 
earth. Case 2 has been solved by F. Ollendorff? by a 
different method, and case 3 by F. Noether® by a 
method similar to that used here, both with substan- 
tially the same result as given here. 

The approximate formulas given in table II for 
the current correspond to the first term J,(x) of 
equation 5. Using the method of approximation 
outlined in part I the next terms for the current 
and the conductor potential for cases 1 and 2, re- 
spectively, become, * 


CasE 1 


G(T 
ye (1 + Px)eP*Ei(Px) —(1—Tx)eT* 


[Ei(—Lx) +ir]} 


In (x) = —I(0) 


r 
V(x) = I(0) z { P'xe?*Hi(Px) —Pxe!*[Ei( —Px) +ir] —2} 


where x = 0 and JIn(—x) = In(x); Va(—x) = 
— Voi(x) 
CasE 2 
J G( 
In(x) = 3 we {Pxel*Ei(Dx) —Pxe-!*[Ei( —Px) +x] — 


2(1—e—f*)} 


* In deriving these expressions it is assumed that IT << y so that p(I,a) — 


D(u,a)_ = 0. A term 1(0)pG(P)e FT I*1 jan is also obtained in the current for case 
1 but is omitted in order to satisfy the boundary condition I(x) = Oat x = 0. 
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Pay = = {(1—1x)e*Ei(Px) — (144 1x)e~!* [Bil — Px) 

tir] +2«~T*} 
Where x 2 0 and J2,(—x) = —In(x); Va(—x) = 
Voi (x). 


These terms may be neglected in comparison with 
the first terms in the range of most practical appli- 
cations. For sufficiently large values of Ix, how- 
ever, they become large in comparison with the first 


IMAGINARY 
PART ; 


0.05 O.I 0.2 0.5 ] 
Iv| 


Charts for values of the function 


e% (u, v) + e"¢ (—u, v) 


Solid curve—45-degree angle of u and v 
Dashed curve—30-degree angle of u and v 


terms. For case 1 the bracket terms of J2;(x) and 
Vo(x) vanish as —8/(I'x)* and 4/(Tx)?, respectively, 
and for case 2 as 4/(I'x)? and 4/Tx, respectively. 

A strictly exponential current or potential propa- 
gation may be realized only under certain restricted 
conditions. Ifthe conductor instead of being located 
at the surface of the earth is imbedded in a homo- 
geneous medium of resistivity p and infinite extent 
in all directions, then p(u,a) differs from g(u,a) only 
by the factor zwv/p. With the conductor energized 
as in case 1, the propagation of the conductor poten- 
tial will then be strictly exponential if zg = dwv/p 
and the propagation constant will equal r = V 2g. 
With the conductor energized as in case 2 the current 
propagation will be exponential under the same con- 
ditions. To have exponential propagation of both 
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current and potential does not, however, appear 
possible under any conditions, except for the trivial 
case in which p = 0. 


III—Practical Applications 


From the last 3 cases considered in the preceding 
numerous others may be obtained by superposition, 
some of which are shown in figure 1. By super- 
position of the first and the other cases, the latter are 
extended to conductors which are discontinuous at 
some point. 


EARTH POTENTIALS NEAR ELECTRIC RAILWAYS 


Impressed voltages in earth-return circuits exposed 
to electric railways are due partly to induction and 
partly to earth potential differences between the cir- 
cuit terminals. When the propagation constant of 
the track is determined by the method given herein, 
the usual methods® of calculating induced voltages 
are still appropriate. The calculation of earth po- 
tentials is considered in some detail in the following. 

The case in which an insulated conductor (trolley) 
is energized to a parallel leaky conductor (track) is 
obtained by superposition of cases 2 and 4. The 
earth potential for this case is: 


Jel . . 
Vela) = a (1—p) [eo (Px, Py) +el*$(—Tx,Py)] 


where the notation is the same as in table II. The 
function in the bracket is shown in table V and on 
figure 2 for a practical range of the variables. 

When the trolley is energized between 2 points of 
the track at the distance s apart the earth potential 
is V.(x,y) — V.(s — x,y). 

In applying the above formulas y is taken as the 
ratio of the earth-return mutual impedance between 
trolley and track to the earth-return self-impedance 
of the track.* In calculating the leakage conduc- 
tance, G, an equivalent radius must be used for the 
track. A very accurate determination of this radius 
is not necessary, since G is only to a small degree 
dependent upon it. By assuming the leakage cur- | 
rent to be uniformly distributed over the boundary 
surface of ballast and earth an equivalent radius 
equal to 0.37 times the width of the ballast is ob- 
tained. 

The leakage conductance G = G(T) is smaller 
than the ballast leakage conductance, g. As g 
increases G(T) approaches the limiting value: 


Tv 


1 VA? 
Gy == 
p 108.6 Pin 


lim G(T’) = 


pee 3 Ce) 


For electric railways the value of aI may vary 
between 1074 and 107’, as a result the maximum 
value of G(P) varies between 0.34/p and 0.66/p mhos 
per meter, p being the earth resistivity in meter- 
ohms. 

When there are several tracks the earth potentials 
are practically independent of the cross-bonding, 


* When T << WATS as is usually the case for electric railways, M(T) = M 
and Z(T) = Zsothat yp = M/Z. 
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except for points near the tracks. The preceding 
formulas assume all the tracks to be cross-bonded at 
the point where the current enters the tracks. If 
there are 2 tracks and they are not cross-bonded at 
any point, the following term must be added to the 
formulas given in the preceding: 


ToT len y" 
Map «TM llog. 
4a y 
where 
y’ = separation to center of track which is energized to trolley 
y” = separation to center of other track 
n= V(Z—m)g 
Z = self-impedance of 2 tracks in parallel 
m = mutual impedance of the 2 tracks 
g = ballast leakage conductance of the 2 tracks 


The above expression shows that AV.(x,y) van- 
ishes rapidly with increasing separation y from the 
center of the 2 tracks. 


CURRENTS IN CABLES NEAR ELECTRIC RAILWAYS 


In table III approximate formulas are given for 
the current and voltage to ground of a leaky con- 
ductor, such as a cable, which parallels an electrified 


REAL PART 


0.05 O.! 


: 0.2 
IVI 


For the foregoing case of 2 parallel leaky conduc 
tors a formula has been published by R. Gibrat’ for 
the special conditions of direct current and perfec 
contact between conductor and earth. 

Similar formulas for the case of a cable crossin; 
an electrified track at right angles are also given ir 
table III. These formulas are based on the approxi 
mate assumption that the earth potential along the 
cable decreases logarithmically with the separatior 
y from the track and that the reaction of the cable 
current on the track current may be neglected. The 
current may be obtained from equation 2 using the 
approximation for h(x) stated in part I and takin; 
E%(v) = 0 in an infinitesimal interval at the crossing 


IW—General Derivation 
EQUATION OF CURRENT PROPAGATION 


Let V(x) and V.(x,y) be the resultant conductor 
and earth potentials, respectively, and U(x) = V(x) 
— V.(x,a) the resultant potential difference between 
the conductor and an adjacent point in the earth. 
If A,(x) and A.(x) are the x components of the re- 
sultant vector potentials at the surface of the wire 


IMAGINARY. 
PART 


0,02 0.05 0.) 


IVI 


0.2 


Fig. 3. Charts for values of the function ¢-"¢ (u, v) — ed (—u, v) 


Solid curve—45-degree angle of u and v 
Dashed curve—30-degree angle of u and v 


track. These formulas are derived by assuming an 
earth potential along the cable as given by the pre- 
ceding approximate formula and an induced voltage 
per unit length which is equal to the earth current 
times the mutual impedance of track and cable 
sheath. The reaction of the cable current on the 
track current is neglected. These approximate as- 
sumptions allow relatively simple formulas which 
should be sufficiently accurate for engineering use. 
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and in the earth, respectively, then the x components 
of the electric force at the surface of the wire and in 
the earth are: 


d 
Ew (x) = —iwAy(x) — a V(x) (10) 


; d 
E(x) = —iwA,(x) — — V.(x,a) 
dx 
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Table !V—Exponential Integral Functions Ei(+u) of Tables Il and Ill for Angles @ of u Equal to 0, 30, and 45 Degrees* 


a@=0 6 = 1r/6 6 = 1/4 
|x| Ei(u) Pit Suaeee Fi(u) Fil) aoa Fi(u) Ei(—u)+ix 

OOD cetera. RORY A!) sonia AOL7O wits « 4.0866 — i0.5186........ 4.0193 — i0.5286........ 4.0350 — i0.7784........ 4.0209 — 10.7925 
(ORC? eee i Aree Sen ECY eee, 3,314.77 ctetelds « 3.3521) — 10.5136... ...... SiOL70 = 1ODBSvins ss 3.38489 — i0.7714........- 3.3207 — i0.7996 
QUOS Terence rare CBU) |. ea 28991 Anes 2:9552,— 10.5088"... . <2. 2.9033 — i10.5888........ 2.9506 — i0.7644........ 2.9081 — i0.8068 
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Ei(u) C log |x| if >» aan (cos n@ + i sin 76) of Fj du u luje@; C (OU GOP sob 
n=1 u 
and The secondary electric force E2(x) due to the current 
| d in the wire is given by the expression: 
B(x) — E(x) = —iw[Ay(x) — Ae(x)] — — U(x) (11) 
dx © co 
d 
ae 5 ; ee Ex(x) = ~iv { 1) P(r — | I’(r)Q(s)dr 16 
If the shell surrounding the wire is sufficiently @ aes dx ae) ce) 
Nes see 


thin the bracket term in equation 11 may be neg- i Ce ; ; 
lected since the magnetic flux between the inner and When equation 16 is inserted in 15, equation 3 is 
outer surfaces of the shell becomes negligible. With obtained with: 


F,,(x) = 2I(x) equation 11 then b : 
eo, Ge im oa E(x) = E(x) — = Ui (x) (17) 


d 

ee Ps) Ue) be) In case of several parallel leaky conductors the 

equations of current propagation may be derived in 
E.(x) and U(x) each may be written as the sum of a similar way. 

an impressed or primary and a secondary component 
GENERAL SOLUTION 

E-(x) = Ex(x) + E2(x) 

The current is assumed as: 


U(x) = Ui(x) + U2(x) (13) 
The secondary potential difference U,(x) has the (4) — I F(u)edu 8) 
following relation to the current leaving the wire: i 
a(x) Inserting equation 18 in equation 3 the following 


U(x) = —g- (14) integrals arise: 


dx 


fos} fos) 


Inserting equations 13 and 14 in equation 12 the (@) jx (f 1@POdu = i f fee" Ponds 
following equation is obtained: - ; 


aay) — © 


With 


_, P(x) 
& 7—-x=v £4xdr=dy s = (vp? + @3)*/? 


dx? 


d 
— al (x) + E,(x) = ae Ui(x) — E,(x) (15) 
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Calorimetric Measurement 
of Dielectric Losses in Solids 


A new transient calorimetric method for 
measurement of dielectric losses in solids 
at 10,000 volts and 1,000 kilocycles, is 
described in this paper and experimental 
data obtained by this method are pre- 
sented. A steady-state method also is 
described and a direct comparison between 
the results obtained by the 2 methods is 
given. The absolute value of loss factor 
(0.0009) determined for quartz shows 
exact agreement between the 2 methods. 
The transient method is shown to reduce 
the time of making calorimetric measure- 
ments on solid materials from hours to 
minutes. Results of tests on 15 samples, 
including 6 different low-loss materials, 
show that the absolute values of losses in 
these particular materials are of the order 
of magnitude determined by previous low- 
voltage high-frequency measurements. It 
is thought that the transient calorimeter 
technique can be readily extended to 
ultra-high frequencies. 


By 
H. H. RACE 
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jo Geen sensitive, Schering- 
ridge methods have been used for measuring di- 
lectric losses in insulating materials at frequencies 
f from 10 to 2,000 cycles per second and voltages 
ip to 300 kv.'%%!0 The upper limit of voltage is 
letermined only by the supply equipment and the 
tandard capacitor, so there is no inherent difficulty 
n raising the voltage limit of such measurements if 
esired. Also, excellent equipment has been de- 
eloped for the same measurements at frequencies up 
0 10’ cycles per second with low voltage (say 50 
olts or less) on the sample.” Such methods have 
ecently been extended to 5 X 108 cycles per second 
60-centimeter wave length) by Rohde." 
That is, good methods are available for low- 
requency high-voltage and high-frequency low-voltage 
leasurements, but to the authors’ knowledge no 


JECEMBER 1936 


satisfactory short-time method has hitherto been 
reported for determining dielectric losses on solid 
dielectrics at high frequency and high voltage. 
Krutzsch’ reports measurements on 3 solid dielectrics 
at audio frequencies up to 6 kilocycles and voltages 
up to 10 kv using a special high voltage bridge cir- 
cuit. Vogler? determined the dielectric loss in a 
number of insulating liquids using a steady-state 
calorimeter at frequencies of from 2 to 12 x 10° 
cycles per second and voltages up to 3.5 kv. A 
double calorimeter was used by Owen’ to measure 
dielectric loss in a number of solid dielectrics at 
30-50 volts and 300-500 kilocycles. Similar double 
calorimeters® have also been used to calibrate re- 
sistors and capacitors at low voltage and high fre- 
quency. In the present investigation absolute meas- 
urements of dielectric loss were made on a number 
of solid dielectrics at 10° cycles per second and 10 kv. 
The authors see no inherent limitation to extending 
this method to higher frequencies and voltages. 

In general, it has been found by practical experi- 
ence that the high-voltage high-frequency charac- 
teristics of all materials cannot be extrapolated either 
from the low-voltage high-frequency measurements, 
or from the high-voltage low-frequency measure- 
ments. In other words, the dielectric losses of in- 
sulating materials may vary in an unpredictable 
manner with increases in frequency or voltage 
gradient. Therefore, measurements of dielectric 
loss in solid dielectrics at high voltage and high 
frequency are necessary and valuable from both the 
practical and theoretical viewpoints; from the prac- 
tical viewpoint because in the case of short wave 
oscillators it is important to know the electrical 
properties of solid insulation subjected to high 
voltage and high frequency; from the theoretical 
viewpoint because the same information will aid in 
determining the mechanisms of dielectric loss in 
various classes of materials. 

In the succeeding section of this paper are re- 
ported the methods used and the results obtained by 
C. F. Baldwin in 1926 which have not been pub- 
lished previously. Baldwin used a_ steady-state 
calorimeter for measuring dielectric loss in fused 
quartz, at frequencies from 0.5 to 1.5 & 10° cycles 
per second and voltage gradients from 7 to 12 kv 
per centimeter. The major disadvantage of Bald- 
win’s method was the time necessary to reach steady 
state, which was approximately 8 hours. The 
method was therefore costly and impractical for 
routine or control measurements. 

Over a year ago the authors decided to attempt to. 
modify the calorimetric method so as to obtain 


A paper recommended for publication by the AIEE committee on communica- 
tion. Manuscript submitted October 20, 1936; released for publication Oc- 
tober 29, 1936. 
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Fig. 1. Oscillator 
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measurements in much shorter time. This work 


resulted in the transient calorimetric method described 
in the remainder of the paper which requires only a 
few minutes per measurement. The results ob- 
tained to date with this method are reported. 
Another reason for the present investigation is 
that calorimetric methods should be more suitable 
than bridge methods for extending dielectric loss 
measurements to still higher frequencies and voltages 
so as to evaluate materials under the conditions in 
which they are used in short-wave transmitters. 


STEADY-STATE MEASUREMENTS ON FUSED QUARTZ 


A simple Hartley oscillator was used by Baldwin 
in 1926 as a high-frequency power source. The 
wiring diagram of this oscillator and the method of 
measuring the output voltage are shown in figure 1. 
The power rectifier circuit used is not shown, but a 
full wave rectifier was used with a voltage regulator 
on the a-c input. The d-c output voltage to the 
plate of the oscillator tube could be adjusted by 
means of this regulator from 500 to 15,000 volts. 
The calorimeter was connected as indicated in 
figure 1. The high-frequency voltage across the 
calorimeter was determined by measuring the cur- 
rent through an accurately calibrated capacitor (C) 
by means of a hot wire ammeter (A). 

The schematic layout of Baldwin’s calorimeter is 
shown in figure 2. A double calorimeter consisting 
of outer and inner vessels of heavy copper, nickel- 
plated and polished, and so made as to include no 
sharp corners, contained the test sample. The outer 
vessel was 17 inches in diameter and 6 inches high 
while the inner vessel was 15 inches in diameter and 
4 inches high. The outer ambient box (see figure 2) 
had 2 wooden walls, the space between the walls 
being filled with sawdust. The temperature inside 
this ambient box was held constant by means of a 
200-watt lamp heater and a thermostat. The test 
sample used was 5 inches wide, 7 inches long, and 
0.278 inch thick. This sample of quartz was floated 
on a pool of chemically cleaned mercury which was 
the ground electrode. The high-potential electrode 
consisted of a pool of mercury held in place by a 
metal ring with rounded edges (see figure 2). The 
high-potential lead was brought in through a special 
bushing made up of a small strip of Advance re- 
sistance wire sealed under vacuum in a small glass 
tube. For d-c calibration a grid type resistor 
sealed in glass was immersed in the mercury-pool 
ground electrode. Thermocouples were welded to 
both the inner and outer calorimeter walls, and the 
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temperature of these walls was measured by meat 
of a standard potentiometer. 

Measurements were made with Baldwin’s cal 
rimeter in the following manner: 


1. A known high-frequency potential was applied to the samy 
and the temperatures of the inner and outer calorimeter walls we 
recorded at definite intervals until these temperatures reached 
constant value. This usually took 8 to 10 hours. 

2. The high-frequency potential was then shut off and the cal 
rimeter was allowed to cool to the temperature of the ambient be 
A known amount of d-c power was then dissipated in the heat 
immersed in the ground electrode, and the foregoing procedure w 
repeated. 


Several runs were taken at various values of d 
power dissipation in order to obtain a calibratic 


HOT WIRE 
AMMETERS 
FROM TANK 
CIRCUIT 
125-VOLT D-C 
SOURCE INSULATING 
BUSHING 
125- 
VOLT 
0-c 
SOURCE 
200-WATTT7 
LAMP ts 
COLD 
HEATING ELEMENT Bak 
IN GLASS TUBE 
Fig. 2. Baldwin's steady-state calorimeter 
curve. The difference in the temperatures of the 


calorimeter walls was used as an index of the pow 
loss. Thus from the temperature difference o 
tained at steady state in the high-frequency run 
value of watts loss could be read from the d-c ca 
bration curve (temperature difference versus wat 
loss) and the power factor calculated by means of t 
recorded values of high-frequency voltage and ct 
rent, as follows: 


PF = Watts loss/Exgrl yp 


Table I shows the results of measurements ma 
by Baldwin on fused quartz. The results shown ¢ 
the averages obtained from several runs at ea 
frequency specified. The maximum and minimt 
values of power factor, loss factor, and dielect 
constant obtained on any single run over this ran 
are also given in order to show the maximum dev 
tions recorded. 

Baldwin made 26 runs in all on 3 different samp 
of quartz. Of these runs, 24 were made on o 
sample; the other 2 runs were made on 2 differe 
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samples as a check to insure that the results obtained 
were truly representative of fused quartz. The 
average values of loss factor (e”) and power factor 
given in table I are stated by Baldwin to be accurate 
to +10 per cent. The value (0.0009) for loss factor 
determined by Baldwin at 1,000 kilocycles was used 
as a basis for determining the accuracy of measure- 
ments made with the transient type calorimeter 
described in the succeeding section of this paper. 


TRANSIENT CALORIMETRIC MEASUREMENTS 


Calorimeter. The complete calorimeter assembly 
is shown in figure 3. The calorimeter is divided into 
3 compartments: the inner or sample chamber; 
the middle chamber; and the large outer or ambient 
chamber. The walls separating the (inner, middle, 
and outer) compartments are made of fused quartz 
to reduce the residual losses in the calorimeter itself 
to a minimum. The outer or ambient chamber is 
enclosed by a Pyrex bell jar mounted in a deep 
circular groove cut in the heavy Bakelite base of the 
calorimeter. The inner quartz cylinder is ground to 
fit on a quartz disk, this disk being fastened to the 
copper ground lead (see figure 4). The outer quartz 
cylinder or middle wall of the calorimeter is supported 
on Pyrex mounted on the base of the calorimeter. 
Both quartz cylinders are closed at the top by 


~vommmns HIGH POTENTIAL LEAG 


ow GORONA BUSHING 


~—_ SPLIT COUPLING 


~ PYREX AMBIENT JAR 


=== QUARTZ WALLS 


—— SAMPLE 


—— GROUND SHIELD 


a GROUND TERMINAL 


Fe me 
COUPLE CONTROL ROD 


Fig. 3. 


Assembly of transient calorimeter 


quartz disks (see figure 4). These cover disks are 
ground to fit the cylindrical walls. The ambient jar 
has a hole at the top, ground to accommodate the 
corona bushing on the high-potential lead. The 
ground lead, a copper tube */;, inch in diameter, is 
brought in through the Pyrex support at the base 
and terminates in the inner sample chamber in the 
form of a split clamp-type copper cup machined to 
fit the ground electrode of the samples (see figure 4). 
The samples themselves are made up in the form of 
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cylindrical rods, 1/2 inch in diameter and 11/, to 2 
inches in length. Lead electrodes are molded on 
the ends of the samples as shown in figure 7; the 
high-potential sample lead, a copper tube */:5 inch 
in diameter and 3 inches long, is fastened on during 
the molding process. The external high-potential 
rod is brought in through the bushing at the top of 
the ambient jar and is fastened to the sample lead 
by means of a split coupling to facilitate the changing 
of samples. A ground shield of spun copper is 
located within the ambient chamber (see figure 3). 
The temperature indicating device is described in 
detail in the following section of the paper. 

Movable Differential Thermocouple. In order to 
measure the small temperature differences inherent 
with the use of a transient method of calorimetry 
and to obtain consistent results, it was found ad- 
vantageous to measure the temperature difference 
between the surface of the test sample and a point in 
space 3 millimeters away from the sample by using 
a differential thermocouple rather than to attempt to 
measure absolute values of temperature. The rela- 
tion between temperature difference and watts input 
is obtained by low-voltage d-c calibrations using 
resistors of the same size and shape as the test 
samples. 

The physical setup of this differential couple is 
shown in figures 3 and 4. The couple assembly is 
made up of 2 copper-Copnic junctions so connected 
that their electromotive forces cancel one another if 
both are at the same temperature. These 2 junc- 
tions are made of ().005-inch wire and are mounted 
on a Polystyrol tip supported by a phosphor-bronze 
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Fig. 4. Transient calorimeter assembly (without 
Pyrex jar cover) 
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spring. This spring is guided by a groove inside of a 
Bakelite tube */;, inch in diameter which extends 
through the Pyrex support at the bottom of the 
calorimeter. The strip of bronze spring is so con- 
nected to the couple-control rod located in the 
calorimeter base that the couple assembly can be 
adjusted to any desired position along the sample 
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length by simply pushing or pulling the control rod. 
This control also allows the couple to be drawn down 
inside the copper ground shield shown in figure 3. 
This procedure was found necessary in order to 
reduce radio-frequency pick-up, and the consequent 
heating of this couple unit to a negligible value 
during the application of high-frequency high-voltage 
to the sample. The 2 couple junctions are mounted 
slightly above the insulating tip and spaced 3 milli- 
meters apart. The 2 Copnic leads from the junctions 
are joined just below the Polystyrol tip. The 2 
copper leads are brought down the bronze strip and 
then out to the external binding posts on the base 
by means of the flexible connections shown in figure 
4. The bronze strip not only allows adjustment of 
the couple position, but also acts as a spring insuring 
good contact between the sample couple (7s) and 
the sample. This arrangement of couples provides 
a means of direct measurement of the temperature 
difference between the sample surface, measured by 
the sample couple (7's), and a point in the air sur- 
rounding the sample 3 millimeters away, measured by 
the differential couple (TR). 

The temperature inside the ambient jar is meas- 
ured by means of a copper-Copnic couple mounted 
in a copper shield cup on the calorimeter base (see 
figure 4). 
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The electrical connections of the differential couple 
and of the temperature-measuring equipment are 
shown in figure 5. 

Temperature-Measuring Equipment. The electro- 
motive forces developed in both the differential and 
ambient couples are measured by balanced poten- 
tiometer circuits and indicated by the milliameters in 
the potentiometer circuits. These instruments are 
calibrated directly in degrees centigrade. The point 
of balance is detected by means of a sensitive gal- 
vanometer. (See figure 5.) 

The ambient potentiometer is a standard portable 
instrument with a range of 0-140 degrees centigrade 
but the temperature difference potentiometer is a 
special instrument having a full scale reading of 0.6 
degree centigrade with a shunt for reading 0-6.0 


Fig. 5. Wiring diagram of tem- 
perature-measuring equipment for 
transient calorimeter 


Ta—Ambient thermocouple (20-mil cop- 
per-Copnic 
Ts—Sample thermocouple (5-mil copper- 
Copnic) 
Tr—Differential air thermocouple (5-mil 
copper-Copnic) 
All resistances are in ohms 
G—Galvanometer 
!MA—Indicating milliammeter 
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degrees. With this instrument, including the gal- 
vanometer shown in figure 5 and the differential 
couple in the calorimeter itself, temperature differ- 
ences can be read directly to 0.01 degree centigrade 
and estimated to about 0.001 degree. 
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Fig. 6. Wiring diagram of high-frequency power 
supply and transient calorimeter 
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Calibration of the Calorimeter. For calibrating 
purposes a d-c resistance unit is made by coating a 
sample of insulating material between the electrodes 
with conducting paint leaving a path along the length 
of the sample 1/4, inch wide uncoated for the Ts 
couple to contact (see figure 7). The conducting 
paint consists of powdered graphite, lacquer, and 
thinner mixed in proper proportions to make a hard 
even coating having the desired d-c resistance. 
This unit is then baked at 50 degrees centigrade for 
3 hours and an outer protective coating of white 
enamel is applied, after which the whole unit is 
baked thoroughly at 50 degrees centigrade for ap- 
proximately 15 hours. 

Two calibrating resistors were used to obtain the 
data reported in this paper, one having a fused- 
quartz body, and one having an Isolantite body. 
These 2 particular units are shown at the left in 
figure 7. The calibration runs are made in the 
following manner: The calibrating unit is placed in 
the calorimeter in place of the ordinary sample so 
that the differential couple will make contact along 
the center of the uncoated path. The stop on the 
couple-control rod is then adjusted so as to bring the 
(Ts) couple at the mid-position of the calibrating 
unit when the rod is pushed in. The calorimeter is 
assembied as in figure 3, and a d-c source of power 
is connected between the high-potential lead at the 
top of the calorimeter and the ground terminal at 
the base. A voltmeter and an ammeter are con- 
nected in the d-c circuit to indicate the amount of 
power dissipated in the unit. The temperature 
measuring equipment is now connected to the calo- 
rimeter as shown in figure 5 and the temperature 
difference at the mid-point of the calibrating unit is 
measured. If the calorimeter is at equilibrium, the 
value should be zero. However, accurate measure- 
ments can be made if this value is a small percentage 
of AZT>. When approximate equilibrium is obtained, 
the ambient temperature is measured and the differ- 
ential couple is pulled down to its lowest position 


Fig. 7. Calibrating (left 2) and radio-frequency 
samples (right 5) tested in transient calorimeter 
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inside the ground shield. A known value of d-c 
power input (watts input) is then applied and held 
constant for exactly 2 minutes and then shut off. 
The 2-minute “power-on” period was shown experi- 
mentally to be the shortest period that would give 
an appreciable temperature difference on the best 
materials. The differential couple is then pushed 


TEMPERATURE DIFFERENCE (ATo)— 
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Fig. 8. Cooling curves taken during d-c calibra- 
tion of transient calorimeter with a fused-quartz re- 
sistor; 2-minute runs 


Watts input to fused-quartz unit is shown by figures at the 
right of the curves 


up to the mid-position as quickly as possible and a 
cooling curve is taken, recording temperature differ- 
ence in degrees centigrade versus time in seconds. 
Zero time is taken as the time at which the power is 
turned off. This curve is then plotted on semilog 
paper and extrapolated to zero time. This pro- 
cedure is repeated with various known quantities of 
power input until enough runs have been made to 
cover the calibration range required for the high- 
frequency measurements. The cooling curves taken 
during the d-c calibration with a fused-quartz unit 
and an Isolantite unit are shown in figures 8 and 10. 
Before each run the initial temperature difference of 
the sample is recorded and these values are indicated 
on figures 8 and 10 (zero correction). In order to 
put the calibration curves into a more convenient 
form, the values of AZ> extrapolated in figures 8 
and 10 are corrected for the initial temperature 
difference and are replotted against power input in 
watts per unit volume of the calibrating units. 
These curves are shown in figures 9 and 11. 

It may be noted that the cooling curves plotted 
on semilog paper (figures 8 and 10) are straight 
parallel lines within experimental limits, which indi- 
cates that they are exponential functions as pre- 
dicted from the theory of free-cooling bodies. Fig- 
ures 8 and 10 are also very interesting in that the 
experimental points taken during actual runs are 
plotted and show not only the sensitivity of the 
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measuring equipment, but also the ability of the 
equipment to measure such small values of tem- 
perature differences with so little deviation from the 
average curves. 

Figures 9 and 11 show that the temperature differ- 
ences measured are directly proportional to the 
watts input. 

Checks on the original d-c calibration curves after 
3-weeks’ use (of making high-frequency measure- 
ments) were within +2 per cent. 

High-Frequency Measurements. Figure 6 shows 
the wiring diagram of the high-frequency power 
oscillator and the method of connecting the calo- 
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Fig. 10. Cooling curves taken during a-c calibra- 
tion of transient calorimeter with Isolantite resistor; 
2-minute runs 


Watts input to Isolantite unit is shown by figures at the right 
of the curves 
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©—Run 76, couple at mid-point 
A—Run 77, couple 3/4 inch above mid-point 
f—Run 78, couple 1/4 inch below mid-point 

rimeter and the voltmeter in the circuit. The d-c 


power supply, not shown in this diagram, is of the 
conventional full-wave-rectifier type, the output 
voltage being adjusted by means of a voltage regu- 
lator on the a-c input. 

The high-frequency runs are made in the same 
manner as outlined for the d-c calibration runs 
except that the calibrating unit is replaced by a 
sample of insulation (see figure 7), and high-voltage 
high-frequency power is applied to the sample as 
indicated in figure 6. 

Figures 15 to 18 show the actual cooling curves 
taken on various samples of insulating materials 
after 2-minute runs at 10,000 volts, 994 kilocycles. 
The loss factors of these samples can be calculated 
from the values of AT, obtained from these radio 
frequency curves and the d-c calibration curves as 
shown in the next section of the paper. 


CALCULATIONS 

Nomenclature 

W = total watts dissipated 

W’ = watts per cubic centimeter dissipated (see figures 9 and 11) 
Ti = current in amperes recorded in d-c calibration 

R- = resistance in ohms of calibrating unit 
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frequency; 22-minute runs; 10 kv; 994 kilocycles 


© —Run 1; ©—Run 2; A—Run 5; E—Run 6; +—Run 7 
Average value of Alo = 0.059 
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volume of calibrating body between electrodes in cubic 
centimeters 

= constant determined from slope of d-c calibration curves 
temperature difference in degrees centigrade extrapolated to 
zero time and corrected for initial rise at start of run 

= frequency in cycles per second 

= total voltage in volts applied to sample 

= length of sample in centimeters between electrodes 

= loss factor 

constant of calorimeter determined experimentally 

= specific heat in calories per gram 

= density in grams per cubic centimeter 

= power factor 

= dielectric constant 


Case 1. When the sample being measured and 
the calibrator body are made of identical materials, 
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W = [?R = W'V = KV(ATr) (1) 
or 
W' = K(ATv) 


From the definition of loss factor’ (see appendix), 
W’ = 0.555f(E/l)%e"(10)— (2) 
From equat.ons | and 2, 

e” = 1.8(10)!9(1/E)?K( AT»)/f (3) 


Case 2. When the sample being measured and 
the calibrator body are made of different materials, 
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and the specific heat and density of the sample are 
known, 


W’ = A(SD) AT» 


From data obtained with the fused-quartz calibrator, 


A = W'/(SD)AT» = 0.0428/(0.19 XK 2.15)0.42 = 0:25 
(See figure 9.) 
Vie — 0256S Dio (4) 


From equations 2 and 4, 
e” = 0.45(10)!2(1/E)% SD) ATo/f (5) 


Power factor (PF) can be determined from the loss 
factor (e”) as follows: 


PF = e¢"/e' (for values of PF less than 0.1; see appendix) 


The value of «’ must be determined independently 
by a conventional bridge or substitution method. 


TYPICAL RESULTS 


In order to determine the magnitude of the re- 
sidual losses in the calorimeter itself, an air sample 
was devised by making up a set of dummy electrodes 
and placing them in the calorimeter in such a manner 
that the air space between them was equal to the 
Space normally occupied by a sample. A regular 
2-minute high-frequency run was then taken on 
this air sample, but no temperature difference could 
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Fig. 15. Measurements on German Polystyrol at 
radio frequency; 2-minute runs; 10 kv; 994 kilo- 
cycles 
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be detected thus showing no appreciable heat radia- 
tion from the calorimeter walls. 

Figure 12 shows d-c calibration runs taken on the 
Isolantite resistor unit at 0.2-watt input in order to 
check the effect of the couple position. Three runs 
were taken: run 76 at the mid-position, run 77 1/4 
inch above the mid-point, and run 78 !/, inch below 
the mid-point. The corrected extrapolated values 
of temperature difference at zero time show differ- 
ences of the order of 0.01 degree out of 0.30 degree 
centigrade, which indicates a negligible error due to 
possible deviations from the mid-point of the couple 
position for different runs. Run 76 taken at the 
mid-point also checks within 0.01 degree centigrade 
the original 0.2-watt run on this unit (see figure 10). 

Measurements on fised quartz were used as a 
means of standardizing the equipment at high 
frequency. The actual curves taken on the quartz 
sample used are sliown in figure 13. The average 
value of loss factor (e”) calculated from the 5 runs 
taken is 0.00091, which is a check of the average 
value determined by Baldwin for fused quartz at 
the same frequency. The deviation from this aver- 
age value by any single run is much less than the 
single-run deviations reported by the steady-state 
method. (See tables I and II and also a previous 
section of this paper.) 

The results of measurements on 2 Isolantite sam- 
ples 6 and 22 are shown in figure 14. Sample 6 was 
11/, inches long over-all (3.32 centimeters between 
electrodes), and sample 22 was 2 inches in length 


(4.57 centimeters between electrodes). Measure- 
ments on samples of different lengths check quite 
closely (see table II). Run 33, figure 14, is a check 
on run 32 with the sample rotated 90 degrees so 
that the differential couple was measuring the tem- 
perature difference at an entirely different point on 
the surface of the sample. Run 59 is a check on 
run 58 in the same manner. Run 71 is an inde- 
pendent check of the measurements made on sample 
22, being taken after a week’s period of measuring 
other samples. 

It may be noticed that the cooling curves shown 
in figures 14 to 18 are not all straight lines; changes 
in the slopes of these curves are evident in rechecks 
on the same sample. These deviations from straight 
lines and slight changes in slopes are believed to be 
caused by changes in the ambient temperature dur- 
ing the cooling period. If, for example, the ambient 
temperature rose 0.02 degrees centigrade during the 
cooling period of 2 minutes the curves probably 
would deviate from the theoretical straight line 
since the sample no longer could be considered a 
small free-cooling body radiating to a large body at 
constant temperature. The fact that the tem- 
perature-measuring equipment is sensitive enough 
to detect and consistently measure this small devia- 
tion from a straight line so that the temperature 
difference at zero time can be extrapolated as accu- 
rately as shown in figures 14 to 18 is more important 
than the fact that slight deviations are present. For 
instance, run 58 (figure 14) is a straight-line cooling 
curve, while runs 59 and 71 curved slightly, but the 
extrapolated values of AZ > for these 3 runs check 
exactly. 

Measurements on the German Polystyrol samples 
are extremely interesting since the cooling curves 
(figure 15) show an average value of AT) of approxi- 
mately half that found for fused quartz. These 
curves also indicate the lower limit of the ability to 
measure temperature differences with the tempera- 
ture-measuring equipment since the zero corrections 
are of the same order of magnitude as the measured 
values. However, it may be noticed that when the 
zero corrections are applied to the extrapolated 
values of A 7) runs 60 and 61 agree within 0.006 degree 
centigrade. 

Figure 16 shows the cooling curves taken on 3 
Mycalex samples. Runs 29, 31, and 62 show very 
close agreement between the 2 short samples 9 and 


Table I—Results of Measurements With Steady-State Calorimeter 


Potential 
; : Frequency, Gradient, Watts Loss Loss Dielectric Power 
Thickness, Area, Square Number Kilocycles Volts per per Cubic Factor Constant Factor 
Sample Centimeters Centimeters of Runs per Second Centimeter Centimeter (e”) (Cz) (PF) 
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25. Run 31 is a check run on run 29 with the sample 
rotated 180 degrees. Sample 24 was longer than 
either sample 9 or 25 and its cooling curve falls rela- 
tively lower. 

Measurements were made on 3 samples of Pyrex 
(figure 17); sample 11 was a 1!/.-inch rod, sample 
12 a 2-inch rod, and sample 13 a piece of tubing 1!/, 
inches long having an outside diameter of !/. inch 
and an inside diameter of approximately 1/, inch. 
This sample of tubing was measured in order to find 
out if the heating was uniform throughout the cross 
section of the sample. Run 41 on this particular 
sample of tubing shows a AT» in close agreement 
with the values from runs 36, 45, and 47 on sample 
11, a Pyrex rod of the same length and having the 
same external diameter. This check supports the 
theory that the temperature differences should be 
equal for the same voltage gradients, and same 
watts loss per unit volume of the sample. Runs 37 
and 38 on the long sample 12 are check runs with 
the sample rotated 90 degrees. 

The measurements on hard-rubber samples are 
shown in figure 18. The 3 runs on the 2-inch sample 
23 show exact agreement in the extrapolated value 
of AT. This sample was rotated 90 degrees in 
each case. The 2 runs on the shorter sample 15 
have a wider spread, but the AJ) values agree within 
0.03 degree out of a temperature difference of 1.7 
degrees centigrade. 

Table II shows the results of the transient-calo- 
rimetric measurements on 15 samples of 6 different 
materials; 80 runs were made in all including the 
d-c calibration runs. The values of e” given were 
calculated as shown under ‘‘Calculations.”’ 

The average value of e«” obtained for fused quartz 
agrees with the average value obtained with the 
steady-state method (see table I). This fact indi- 
cates that absolute values of loss factor measured by 
the transient method are as reliable as those meas- 
ured by the steady-state method. 

Measurements on the German Polystyrol samples 
show loss factors of the order of that of fused quartz. 

The loss factors for the other low-loss materials 
listed in table II have the same order of magnitude 
as previous values obtained by other methods at 
low voltages. The values themselves show good 
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agreement between different samples of the same 
materials. 


CONCLUSIONS 


1. In the authors’ knowledge this is the first time that absolute 
values of loss factors of solid materials have been determined by 
calorimetric measurements on the transient part of the heating 
curve, with attendant savings in time and cost of measurement. 


2. The average value of loss factor of fused quartz determined by 
the transient method agrees with the value previously determined by 
C. F. Baldwin using the steady-state method as reported in this paper 
(table I). 


3. With the temperature measuring equipment developed, tem- 
perature differences can be measured directly to 0.01 degrees centi- 
grade and the readings estimated to about 0.001 degree centigrade. 


4. Measurements on other low-loss materials show that the values 
of loss factor of these materials are of the order of magnitude of 
the values determined by previous low-voltage high-frequency 
measurements. 


5. The actual time of measurement by the transient method is four 
minutes as contrasted to 8 hours for the steady-state method. The 
time of calorimetric measurement has thus been decreased enor- 
mously without apparent sacrifice of accuracy. 


6. With only one d-c calibration of the calorimeter a method is 
presented for calculating the value of loss factor for any material of 
known specific heat and density directly from short-time tempera- 
ture measurements at high voltage and high frequency. 


7. The authors believe that this transient calorimetric method for 
absolute measurements of dielectric loss in solids can be more easily 


Table II—Results of Measurements With Transient Calorimeter at 10,000 Volts, 994 Kilocycles 
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extended to ultra-high frequencies than can the conventional bridge 
or substitution methods. 


Appendix 


The loss factor «” is a scalar coefficient which is a direct measure 
of the rate of heat generation per unit volume of a material caused 
by the dielectric loss in this material, and can be determined either 
from an equivalent electric circuit or directly from the physical 
dimensions of the material being measured, the voltage applied, 
and the power dissipated. 

It has been found convenient to interpret all bridge or substitution 
measurements on liquid, solid, and composite dielectrics in terms 
of the equivalent parallel circuit of the measuring equipment. The 
complex expression for the reciprocal impedance of the measuring 
circuit is given by the relation 


1/Z = Gz + jwC, = wly(e” + je’) (6) 
where 


G, = the equivalent parallel conductance of the sample 

C, = the equivalent parallel capacitance of the sample 

w = 2rf; f = frequency in cycles per second 

V1 

0.08842 X 10-!2(a/l) = capacitance of the same geometric 
arrangement of electrodes in vacuum, in which a = effective 
cross-sectional area of sample in square centimeters and 
l = effective length of sample in centimeters 

From the equation 6, 


~~. 
ll 


Cv 


e = (,/C, (7) 
e” = G,/wC, (8) 
W' = EB°G,/V (9) 
where 

E = total applied potential in volts 


V = al = volume of the sample in cubic centimeters 
From equations 8 and 9, 


W' = 0.555(10)~"%e"f(E/1)? (10) 


Equation 10 shows that the coefficient e” can be obtained directly 
from measurements of the heat dissipated per unit volume, voltage 
gradient, and frequency. 

If it is desired to correlate the loss factor (e”) with the dielectric 
constant (e’) and the power factor (PF), the following relations are 
used: 


PF = cos cots!(e”/ €’) (11) 
and 
W’ = 0.555(10)—!°f(E/1)%e’ cot cos™! (PF) (12) 


For low-loss materials in which the cosine and cotangent of the 
loss angle are approximately equal, equations 11 and 12 reduce to 
the more familiar forms: 


Ea (es 4) (11a) 
and 
W’ = 0.555(10)—!2f(#/1)2e'(P F) (12a) 


References 


1. A BrripGE FoR CapaciTANCE AND Low PowErR-FAcToR MEASUREMENTS, 
H. W. Bousman, General Electric Review, volume 35, May 1932, pages 295-8. 


2. ASTM Standards on Electrical Insulating Materials, D150-35T, Septem- 
ber 1935. 


3. LEISTUNGSMESSUNG BEI HocHsPANNUNG HOCHFREQUENZ, GROSSER PHASEN- 


VERSCHIEBUNG UND BELIEBIGER KuRVEFORM, John Krutzsch. Elektrotechnische 
Zeitschrift, volume 57, April 16, 1936, pages 439-42. 


1356 


4. Diz UNTERSCHUNG DIELEKTRISCHER VERLUSTE FLUSSIGER ISOLIERSTOFF 
Ber KuRZEN WELLEN MIT DEM KaLorIMETER, Herman Vogler. Elektrisch 
Nachrichten Technik, volume 8, May 1931, pages 197-207. 


5. Dievectric Losses ar Hicu Freguencigs, G. E. Owen. Physical Review 


volume 34, October 1, 1929, pages 1035-9. 


6. Rapio FRequency ELEctricAL MrASUREMENTS (a book), H. A. Browr 
McGraw-Hill Book Company, New York, N. Y., 1931, page 63. 


7. up ELEectricaL, CHEMICAL, AND PHYSICAL PROPERTIES OF ALKYD RESINS 
H.H. Race. Transactions, Electrochemical Society, volume 65, 1934, page 
87-107. 


8. Tur Use or Air CONDENSERS AS H1GH-VoLTAGE STANDARDS, B. G. Chur 
cher and C. Dannatt. Journal, Institution of Electrical Engineers, volume 6§ 


August 1931, pages 1019-27. 


9. A Hicu Sensitivity Powrr-Facror Bripcr, W. B. Kouwenhoven an 
Alfredo Bafios, Jr. AIEE TRANSACTIONS, volume 51, March 1932, pages 202-1¢ 


10. A BRIDGE FOR PRECISION POWER-FACTOR MEASUREMENTS ON SMALL OF 
Samp.es, J. C. Balsbaugh and P. H. Moon. AIEE TRANSACTIONS, volume 52 
June 1933, pages 528-35. 


11. Duipvecrric Loss MEASUREMENTS AT 5x108 CyLES PER SECOND, L. Rohde 
Zeitschrift fiir Technische Physik, volume 12, 1935, pages 637-9 . 


Complex Vectors 
in 3-Phase Circuits 


To provide additional bridges between the 
fields of mathematics and electrical engi- 
neering is the main object of this paper, 
which is a sequel to a previous work on 
dyadic algebra. The paper includes an 
application of Gibbs's directional ellipse 
to 3-phase circuits, a treatment of sym- 
metrical components by using the isoclinic 
unit vector and 2 circular complex vectors, 
and an exposition of dyadics as appplied 
to in 3-phase symmetrical machines. 


By 
A. PEN-TUNG SAH 


ASSOCIATE AIEE 


National Tsing Hua Univ. 
Peiping, Chin 


I. THE development of an engineer 
ing science, it often happens that some abstrac 
idea originally introduced into pure mathematic 
has been put to good use. Thus, for example, com 
plex numbers since the pioneering work of A. E 
Kennelly have become so versatile in electrical engi 
neering problems that the symbol 7 standing for th 
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imaginary unit has acquired much more than an 
imaginary existence in the minds of all electrical 
engineers. In a manner quite analogous to the 
introduction of the complex number into electrical 
engineering, it has been recently found that the 
entity, complex vector, is extremely useful in the 
study of polyphase or multibranched a-c networks. 
In order to become proficient in the application of 
complex vectors to his problems, an electrical engi- 
neer, it is believed, should know as much as possible 
about the formal mathematical properties of a 
complex vector. A systematic treatment of these 
properties exemplified by simple circuit problems 
should, therefore, be helpful to those following this 
phase of the development of the electrical science. 
However, such a discussion is still lacking in the 
literature. The present paper will attenipt to fill the 
desired role by making a study of some of the proper- 
ties of complex vectors not from the standpoint of a 
pure mathematician but with a view to their imme- 
diate application to 3-phase circuits. 


DEFINITIONS AND NOTATION 


It is rather unfortunate that in electrical engineer- 
ing literature the terms ‘“‘complex scalar’ and ‘‘vec- 
tor’ have been used synonymously. For the pur- 
pose of the present study, it is absolutely essential 
that they be distinguished. In fact, it would be 
best to recognize 4 different entities, which will be 
defined as follows in order to avoid misunderstand- 
ing: 


1. A real scalar is a real number, rational or irrational, having only 
magnitude but no direction. 


2. A complex scalar is a number having a real part as well as an 
imaginary part. The usual symbol j, printed in italics, will be used 
to distinguish the imaginary part from the real part of a complex 
scalar when necessary. Thus the complex scalar 


m= m' oS m” (1) 


has a real part equal to m’ and an imaginary part equal to m”. 
Since a real scalar may be considered as a complex scalar with its 
imaginary part equal to zero, no special symbolic type will be used 
to distinguish them and both will be printed in italics. Unless it is 
desirable to emphasize the complex or the real nature of the quan- 
tity, the word “‘scalar’’ will be used to denote either, leaving the use 
of a qualifying adjective for the purpose of emphasis. 


3. Areal vector is a quantity having both magnitude and direction. 
In a 3-dimensional space the length of a line may be taken as the 
magnitude of a real vector whose direction is to coincide with that 
of the line. By direction one may mean an actual geometrical 
direction or something created arbitrarily for the problem at hand 
but possessing no physical significance. In analytic discussions it 
is sometimes more convenient to denote 3-dimensional vectors by 
their projections on 3 non-coplanar lines. In particular, if the 3 
lines are chosen to be mutually perpendicular to each other and the 
symbols #, j, & (printed in boid-faced italic type) used to denote 
unit lengths on them, a real space vector can be written as: 


A = Aji + Ajj + Akk (2) 


in which A; i, Aj j, Ax k will be called the “components” of the 
vector A in the directions 1, j, k and the scalar coefficients Ai, Aj, Ak 
will be called the ‘‘measure numbers” of the vector A with respect 
to i, j, k as “‘base”’ or “reference vectors.” 


4. A complex vector is defined to be a vector whose components 
have a real as well as an imaginary part. Thus the complex vector 
A may also be written as in equation 2, provided the measure 
numbers Ai, Aj, Ak are understood to be complex scalars, each of 
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which may have a real and an imaginary part like that given by 
equation 1, that is 


Aj = Ai +f Ai"; Ay = Aj’ +74j"; Ak = An’ +A4n" (3) 


Using the above values for the measure numbers, a complex vector 
may also be written as 


A = (Aj'i+ Aj'jf + Ap’ hk) +7 (Aghit Aj’ ai + Ar’ k) 


= A’ +7 A" (4a) 
wherein 
A’ = A,;/i+Aj'f + Ark (4b) 
AeA agp ARO (4c) 


are 2 real vectors which may be called respectively the real and 
the imaginary parts of the complex vector A. Since a real vector 
is a special case of the complex vector, the word vector will be used 
to denote either one. Following common practice bold-faced italic 
letters will be used to denote vectors. 


ALGEBRA OF COMPLEX VECTORS 


The algebraic rules of operations with complex 
vectors are combinations of rules defined in vector 
algebra and in the algebra of complex scalars. Thus 
from the rule for the equality of 2 complex scalars 
the definition is derived that 2 complex vectors are 
equal when their real and imaginary parts are sepa- 
rately equal, that is, if A = A’ + jA” and B = 
B’ + jB", then the equality 


A=B (5) 
means 
A’ = B’ and A” = B" (Sa) 


Further, if A’, A”, B’, B” are decomposed into their 
components in any 3 non-coplanar directions such as, 
for example, given by equation 4) and 4c, then from 
the rule of the equality of 2 real vectors, the follow- 
ing are taken to be true: 

AU = 1894/5 Ay = Alyy = Vays 
A,” = B;"; A,! = B;"; Ar” = Bp” (6) 
In other words the single equality (5) is equivalent 
to the 6 separate equations (6). 

The sum, the difference, the scalar (or dot), and 
the vector (or cross) products of complex vectors 
are defined in the same manner as for real vectors. 
In fact, all the laws of vector algebra including the 
invalidity of the commutative law in cross multipli- 
cation will be taken as being true for operations 
involving complex vectors. Thus in symbols one 


finds: 
mA = Am a (m’A’ a m" A") + j(m"A’ + m'A") (7) 
A+B=B+A = (A’' +B’) +j(A" + B’) 
= (B' +A) +7 (BY + 4") (8) 
AB = B-A =, (A’:B’ Aas A”-B’”) + 7 (A’B" + A”-B’) 
= (BA) — Bi-A’) 4-47 (BAB A’) (9) 


AXB = —BXA = (A’XB!—A"XB")+j(A'XB" +A" XB’) 


= (B"XA"—B’XA’) —j(B"XA'+B’XA’) (10) 


The scalar triple product of 3 complex vectors A, 
B, C will be denoted by writing them in their correct 
order within square brackets as usual, that is 


A:-BXC = AXB:C = [ABC] = [BCA] = [CAB] 
—[ACB] = —[CBA] = —[BAC], etc. 


(11) 
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CONJUGATE QUANTITIES 


Because a complex quantity has a real as well as 
an imaginary part, the operation known as conjuga- 
tion is oftentimes useful. Two complex quantities 
are said to be conjugate when their real parts are 
equal and their imaginary parts are the negative of 
each other. Thus the conjugate of a real scalar or 
vector is the scalar or the vector itself. To denote 
conjugate value an asterisk (*) will be written after 
the quantity. (This special notation is used for a 
reason given in a later section.) For instance, if 
m is a complex scalar given by equation 1, then its 
conjugate is 
(12) 


Also the conjugate of a complex vector A may be 
written in one of the following ways: 


m*t =m’ — jm" 


A* = A’ —jA" = Aj*tit Asti + Anth (13) 


From equations 7 to 10 it can be shown easily by 
performing the indicated operations that 

(14a) 
(14b) 
(14c) 
(14d) 
(14e) 


(m A)* = m* A* 
(A + B)* = A* + B* 
(A:B)* = A*-R* 

(A B)* = A* < B* 
A** =A 


In other words, the operation of conjugation is com- 
mutative and distributive with the other operations 
such as addition, subtraction, and dot or cross 
multiplication. It is reflexive with itself as shown 
by equation 14e. 

Although the absolute value of a complex scalar 
m is usually defined in terms of the real and the 
imaginary parts, it would be better to bring in the 
conjugate value m* and call the square of the abso- 
lute value of m (denoted by enclosing m within bars) 
as the product of m and its conjugate thus: 


|m|2 = mm* = (m’)? + (m")? (15) 


By using the absolute value of m, one gets the fol- 
lowing alternate ways of writing equations 1 and 12: 


m = |m|(cos@+jsin 6) = |m!|Z6 (16a) 


in which tan 6 = m”/m’, and 


m* = |m| (cos @ — jsin 6) = |m|Z—6 (16b) 


Generalizing the idea of absolute value above 
given, the absolute value of a complex vector A will 
be defined as the positive square root of the dot 
product of A and its conjugate, that is, 


| A |? = A-A* = A’-A’ + A’-A" (17) 


This product is never negative since it is the sum 
of the squares of 2 real numbers. Hence the abso- 
lute value above defined for a complex vector is 
always real. It is zero only when the vector is zero. 
The product given by equation 17 should be care- 
fully distinguished from the following: 


A-A = (A’-A’ — A"-A") +275 A“A" (18) 
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which is a complex scalar unless A’ be perpendicula 
to A”. Incase A’ is perpendicular to A’, A-A wi 
be real and will be zero when the lengths of A’ an 
A” are equal. The vanishing of A-A, which fac 
for real vectors means the vanishing of the vector 4 
is not sufficient to insure the vanishing of the com 
plex vector A. The necessary and sufficient con 
dition for a complex vector A to be zero is tha 
equation 17 equal zero. As for the significance 
the vanishing of the product A-A, it will be take: 
up later on. It is interesting to note here that th 
cross product of a complex vector by its conjugat. 
gives a vector having no real part, that is, 


AX A* = —2jA’ X A’ (1s 


REPRESENTATION OF 
3-PHASE SINUSOIDAL QUANTITIES 


The above preliminary discussions on the defini 
tions and the elementary operations with comple 
vectors will now be applied to the study of th 
steady-state conditions in a 3-phase system in whic! 
harmonics are not present. For the purpose a 
hand it will be recalled that in single-phase a- 
theory, a sinusoidal function of time such a 


e = \/2|E| cos (wt + 8) (20a 
is representable by a complex scalar 
E=|£E| (cos 6 +jsin 6) = E’ + jE" =|E! 20 (20b 


Generalizing this notion it is evident that the rea 
vector, proposed previously for the representatio1 
of 3-phase systems,}? 


e = V/2{ | E;| cos (wt + a) i + | Bj| cos (wt + B)F + 
| Ex| cos (wt + ) k} (21 


in which |£; |, |&; |, and |, | denote the root 
mean-square values of the phase quantities and a 
8, and vy the initial phase angles, may be represente: 
by the complex vector 
E=|Ej|Zai+|Ej|Z8j+|Er|Zyk 

= Hjii+ Hjj + Erk 

= (Ey +7 Ej") i + (By +9 By") 7+ (Ee’ + jee") k 

= (Ej i+ Ej’ i+ Er’ k) +7 (Ei i+ Bj” 7 + Ep” k) 

= E’ + jE" (22 
which shows several different ways of writing a com 
plex vector. 

It is thus evident that one way of visualizing | 
complex vector such as E of equation 22 is to mak 
the correlation between equations 21 and 22 | 
strictly rigid affair. In other words, whenever | 
complex vector is given in one of the forms shown i 
equation 22, a corresponding real vector (varyin 
with time) is set up in accordance with equation 21 
so as to enable one whose sense of perception i 
limited to 3-dimensions to see how a real locus i 
space may be used to describe all the essentials of - 
complex vector. 


DIRECTIONAL ELLIPSE OF A COMPLEX VECTOR 


As the end of the vector e of equation 21 describe 
an elliptical locus in space with center at the origir 


1. For all numbered references see list at end of paper. 
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it is permissible then to state that to every complex 
vector there corresponds a real ellipse. Following 
Gibbs-Wilson,* this ellipse will be called the ‘‘direc- 
tional ellipse’ of the vector. 

_ In general, the real and the imaginary parts of a 
complex vector E = E’ + jE” are not parallel to 
each other, that is, E’ # cE”. If they are parallel, 
then it can be shown that the directional ellipse 
degenerates into a straight line and the complex 
vector is said to have a “‘real direction.’’ (The term 
“real direction” is due to Gibbs.) The necessary 
and sufficient condition for a complex vector to have 
a real direction is that it be reducible to the product 
of a real vector and a scalar, real or complex. The 
complex vector does not need to be a real vector in 
order to have areal direction. Thus if E’ = c E” 
in equation 22, then the complex vector E may be 
written as 


B= mE" = m(E;"i + Ej” 7 + Ep” k) (23) 


in which the complex scalar mis (c + j) = |m | 28, 
say. The real vector corresponding to equation 23, 
according to the correlation above established, is 
then: 


e = \/2!m| {E;" cos (wt + 0) i+ Ej” cos (wt + 0) j + 


Ep" cos (wt + 6) k} (24) 


in which #;”, E;”, and E,” are real scalars. Inter- 
preted from the standpoint of 3-phase circuits, a 
complex vector having a real direction signifies that 
the 3 phase quantities are in time phase with each 
other. Note that such a system generally contains 
a positive, a negative, and a zero-sequence com- 
ponent, unless the 3 values. £;”, £;", and EF,” 
are equal. In the latter case a balanced zero- 
sequence system obtains and the direction of E or e 
coincides with the isoclinic direction u, defined as 


w= (1/V3)i +74 R). 
CONJUGATE DIAMETERS OF DIRECTIONAL ELLIPSE 


Instead of using equation 21 to define the direc- 
tional ellipse of a complex vector such as E of equa- 
tion 22, the 2 real vectors E’ and E” denoting the 
real and the imaginary parts respectively of E may 
be used to the same effect. Consider, for the present, 
the real vector E’ from the standpoint of a complex 
vector. Then according to what has just been dis- 
cussed, its directional ellipse is a straight line co- 
incident with E’. The varying vector correlated 
to E’ is 


e’ = V/2 (cos wt)(Ei! i+ Ej’ fj + Ex’ k) = v/2 (cos wt) E’ (25) 


Similarly the vector jE” has a real direction coinci- 
dent with E” and its correlated varying vector is: 


e” = \/2cos (wt + 90°)(E;” i + Ej" j + Ep" k) 
— 4/2 (sin wt) E” 


Considering next e’ and e” as the components of e 
in the directions E’ and E”, it may be seen that the 
elliptical locus of the end of e may be compounded 
from 2 simple harmonic motions taking place along 
the directions E’ and E” with a time phase difference 
of 90 degrees. This then shows that E’ and E” are 


I oll 


(26) 
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2 conjugate semidiameters of the directional ellipse. 

It should be noted that if the positive direction of 
rotation is to be associated with increasing values of 
t, then as ¢ increases, the point describing the real 
ellipse will rotate from the direction of E” to that of 
E’ through an angle of less than 180 degrees as 
shown in figure 1, which is drawn on the plane of the 


DIRECTION OF 
INCREASING * 


Fig. 1. Conjugate diameters of directional ellipse 


ellipse. It is thus evident that a complex vector can 
be defined completely by 2 conjugate semidiameters 
of a directional ellipse. Since every ellipse has an 
infinity of pairs of conjugate diameters, a given 
directional ellipse corresponds to an infinite number 
of vectors. It now becomes of interest to investi- 
gate what relationship exists analytically among the 
different vectors having the saine directional ellipse. 


ELLIPTICAL ROTATION 


Any root of unity, namely, a complex scalar having 
an absolute value of unity such as 
cos 6+ jsin@ = Z 6 (27). 
in which 6 is a real angle, has been called by Gibbs- 
Wilson‘ a “‘cyclic factor.’” When a complex vector 
E is multiplied by a cyclic factor, its directional 
ellipse remains unchanged while the corresponding 
conjugate semidiameters will be rotated in a positive 
direction, as defined in the last paragraph, through a 
sector whose area 1s to the total area of the ellipse as 6 
ts to 860 degrees. (For proof of this statement, see 
appendix I.) This sort of rotation may be said to 
be an “elliptical rotation through a sector @.” 

The significance of an elliptical rotation through a 
sector @ is interesting from the standpoint of 3-phase 
circuits. Thus, if a general unbalanced system of 
sinusoidal voltages is impressed on a linear static 
network consisting of 3 identical impedances, with- 
out mutual effects, connected in star and with 
power-factor angle 0, the directional ellipses of the 
current and the voltage vectors will lie on the same 
plane while the vectors themselves are obtainable 
one from the other by an elliptical rotation through 
a sector proportional to the power-factor angle @, 
in addition to a stretching or shortening of their 
lengths. In case of a balanced positive- or negative- 
sequence system, the directional ellipses become 
circles and the voltage and the current vectors will 
make a constant angle @ with each other. 


CIRCULAR COMPLEX VECTORS 


Although a balanced system of voltages or cur- 
rents has a circular locus as its directional ellipse, 
it does not follow that systems with circular direc- 
tional ellipses are balanced in the usual sense of the 
word. It can be shown (see appendix II) that the 
necessary and sufficient condition for a complex 
vector A to have directional circles instead of 
ellipses is that the dot product of the vector with 
itself vanish; that is, 


A:A = 0 (28) 


Complex vectors satisfying the condition of equation 
28 are called ‘‘circular complex vectors.’’ As famil- 
iar and important examples of circular complex 
vectors there may be mentioned the 2 following unit 
vectors occurring in 3-phase circuit theory: 


f = (1/+/3)(é + a2 + ak) 
b = (1/+/8)(i + aj + a°k) 


in which a and a? are the 2 complex cube roots of 
unity. The properties of f and b will be studied 
later on. 


(29a) 
(29b) 


REPRESENTATION OF POWER IN 3-PHASE CIRCUITS 


As steady-state power (real and reactive) in a 
single-phase circuit can be represented by the product 
of the complex voltage and the conjugate of the 
complex current J, namely, /*, and as power in a 
3-phase circuit is equal to the sum of powers in each 
of the phases, it is evident that the steady-state 
power of a 3-phase circuit is representable by: 


W=W + 9W" = El* = El;* + Blj* + Eele* (30) 


in which W’ is the real or active power and W” is the 
wattless or reactive power. Since the line-to-line 
voltage vector E, is related to the line-to-neutral 


voltage vector E; by’? 
ER— 1/3 ua xX E; (31a) 


the identity E; = u X E; X u + u(E;u) can be 
put as: 


E; = (1/»/3)(Eje X ua) + a(E;-u) (31b) 
wherein 

u = (1/3) +7 + k) (31¢) 
is the isoclinic unit vector defined before. Likewise, 
the line and the delta currents are related by: 

I, = — vV/3u X [jez (32a) 
or 

Te = (1/V/3)(u X Gi) + aldjeru) (32b) 


Using equation 320 it is readily shown that the power 


in a delta connected 3-phase circuit is: 
W = Ejelr® = (1/+/3)(ali*Eje] (33a) 


and if the delta network is replaced by its equivalent 
star, equation 33a may also be written as: 


W = E;-I;* (33b) 
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by substituting EZ, from equation 3la and remem. 
bering that u-J; = 0. 

Since power expended in a network under a given 
set of impressed voltages has a definite value inde. 
pendent of how the currents and voltages are actually 
measured, it appears from the above considerations 
that if the voltages have been measured in a specified 
way, the values of the currents should be measured 
in a definite corresponding way in order that the 
power in the circuit may be calculated simply as 
the sum of 3 terms. The question now is how the 
corresponding ways can be formulated analytically. 
To answer this question satisfactorily it will be 
necessary to inquire first how the measure numbers 
of a vector change as the base vectors are changed. 
Since the voltages and currents in a-c networks are 
usually measured through the use of instrument 
transformers, which procedure presupposes a strict 
proportionality between the secondary and the pri- 
mary quantities on the 2 sides of the transformer, 
the discussion will be limited to a linear homogeneous 
transformation of the base vectors, which trans- 
formation corresponds physically to a change in the 
instrument transformer connections. 


COVARIANT AND 
CONTRAVARIANT MEASURE-NUMBERS”!® 


Let x, x, and x, be any 3 non-coplanar real 
vectors. The components of a vector, E say, in the 
directions x,, x», and x, are to be found geometrically 
by the construction of a parallelopiped whose 3 
adjacent sides are parallel to xu, x», and x, and whose 
main diagonal is E.. To find these components or 
the measure numbers 7, s, ¢ in 


E=rxgtsxut+tx; (34) 


analytically, it would be necessary to introduce the 
idea of reciprocal systems of vectors. Two systems 
of non-coplanar vectors x., x, x, and x’, x°, x° are 
called reciprocal systemst when they satisfy the 
conditions: 


xox? = I, xqx’ = 0, ceacee == (0) 
saree = (0), xpex? = 1, spore” = (), (35) 
Foes? = (0); xox? = 0, xox = 1 


It can be shown that given x,, x,, and x,, the recipro- 
cal system can be calculated from the following 
relations: 

Xb X Xe dD Xo X Xa Xq X Xp 


a [xaxoxe] ’”  [xaxoxcl GG 


a 


ieee 


In terms of x., x», and x,, the dyadic known as the 
‘Gdemfactor”’ can be written as: 


b 
T= xgx? 4 xpx + xx" = x2xq + x°xp + x°x, 


(37) 


The effect of the idemfactor used as a dot multiplier 
on a vector or dyadic is to leave that vector or dyadic 
unchanged. It is analogous to 1 in scalar algebra. 
Thus the following identity holds: 
E = FE = (xox* + xox? + xcx°)sE 

= xq(x"E) + xo(x”E) + x¢(x°E) (38) 
ee ee eee ee 
ti Superscripts will be used to denote the system of vectors reciprocal to the 
system having the same subscripts. Contravariancy and covariancy are also 


distinguished by superscripts and subscripts. Superscripts should not be 
confused with exponents. 
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Comparing equations 38 and 34, it may be seen that 
the measure numbers 7, s, and ¢ are respectively: 


ee x E s=xE t= x°E (39) 


This equation shows that 7, s, and ¢ vary directly 
(or transform cogrediently) with x’, x’, and x°, which 
form the system reciprocal to x,, x,, and x,, while 
equation 35 or 36 shows that x’, x’, and x° and 
¥a, X»,, and x, vary inversely (or transform contra- 
srediently) with each other. Hence with respect to 
=, xp, and x,, the measure numbers 7, s, and t 
transform contragrediently and may be called the 
“contra-variant measure-numbers’ of E. Instead 
of writing E as in equation 38, its components in the 
x’, x”, x° directions might have been used, since the 
reciprocal system x’, x’, x° is just as good a base- 
system as the given system x,, x;, x. In that case 
one writes: 


E = x"(xq°E) + x?(xp:E) + x°(x-:E) (40) 


wherein the scalar coefficients (x,-E), (x»-E), (x.-E) 
may be called the ‘“‘covariant measure-numbers”’ of 
E with respect to x., xs, x,, since they vary directly 
or transform cogrediently with each other. Thus it 
may be seen that the covariant and the contra- 
variant measure-numbers are 2 alternate ways of 
specifying a vector with respect to a given base- 
system. In order to distinguish these 2 sets of 
measure numbers the usual convention is to write 
an upper index (superscript) to denote contra- 
variancy and a lower index (subscript) to indi- 
cate covariancy. This distinction will not be 
necessary in case the base system consists of 3 
orthogonal unit vectors such as i, j, k, because such 
a system is reciprocal to itself. As a matter of 
notation the following will then be’ used whenever 
necessary: 


E = E%x, + E’xpy + E°x, = Eqx* + Epx? + E-x° (41a) 


Returning to the consideration of power expres- 
sion, it is now evident that the scalar product E-J* 
can be calculated as the sum of 3 terms, provided 
one of the vectors be expressed through its contra- 
variant and the other through its covariant measure- 
numbers. In other words, if in addition to equa- 
tion 41a, 


I* = (I*)%xq + (1*)’xp + (I*)°xe 


= (I*)ox® + (I*)ox? + (I*)cx® (41b) 
then the power in the 3-phase circuit is: 
E-I* = E*(I*)q + E°(I*), + EX(U*)c 
= Eq(I*)* + E,(I*)? + Ee(I*)* (42) 


TRANSFORMATION TO COMPLEX BASE-SYSTEMS 


In the above considerations om the transforination 
to new co-ordinate axes, real axes have been tacitly 
assumed in order to fix ideas. It is evident that if 
X., X%», and x, are noncoplanar complex vectors, 
equation 35 and the following would be still valid. 
Of particular interest and importance in 3-phase 
circuit theory is the system of unit vectors defined by: 


u = (1/\/3)¢ +7 + k) 
f = (1/\/3)(é + aj + ak) = b* 


= (43) 
b= (1/\/3)\é +aj +k) = f* 
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which are the isoclinic unit vector and 2 special 


circular complex vectors, respectively. It can be 
readily shown that 

wa = 1, Ee 10). ab = 

fu = 0, ff =-0; f-b = 1, (44) 
bu = 0, ite ik 5b =0 

and 

tf SC eS i ley SK the Sate SP Se 

while 

[ufb] = j (45) 


so that by equation 36, the system reciprocal to 
u, f, b is simply u, 6, f, which is the first system 
taken in a different order. In other words, if the 
first system is considered to be right-handed, the 
reciprocal system will be left-handed. In virtue of 
equation 44, neither system can be considered as 
orthogonal. However, if 7, s, and ¢ are the contra- 
variant measure-numbers of a complex vector A - 
with respect to u, f, and b as base vectors, the 
covariant measure-numbers of A also with respect 
to u, f, and 6 will be 7, f, and s, since 


A=ru+t+ sf + th =7ru+ib+ sf (46) 


This shows that when a vector is referred to u, f, 
and 6 as base vectors, it will not be necessary to use 
upper or lower indices to distinguish the contra- 
variant and the covariant measure-numbers. If 
upper and lower indices are to be retained in this 
case, the following relations must be true: 


Ay =A Ay = A’, Ay = A? (47) 


Because of this set of relations the following expres- 
sion for power in terms of symmetrical components 
may appear to be paradoxical at first but is true 
nonetheless: 


E,(I*)* + Ep(I*)! + Ey (I*)? 
Eu(I*)u + Ey(I*)y + Ex 
Ey(Iu)* + E¢(If)* + Eo(Io)* 


W = El* 


Wow dl 


(48) 


_. 


(I*)4 = Iu)* = (1/0/78) i* + 1j* + Ie”) } 


wherein 


Ex 
Ep 
Ey 
and 
(ye 
(aye 


wE 
b-E 
f-E 


(1/»/3)(Ei + Ej + Ep) 
(1/+/8)(E; + a Ej + a?Ep) 
(1/+/3)(E; + 22E; + a Ex) 


1 oi 
How dl 


(I*)p = fI* = (1/+/3)(i* + aZj* + alp*) = (f*1)* 

(In) * (50) 
(I*)b = BI* = (1/9/38) (i* + al;* + a*Ip*) = (on 
(If)* 


The paradoxical nature of the foregoing will dis- 
appear when it is remembered that the operation of 
conjugation is not commutative with the operation 
of obtaining the positive-sequence or the negative- 
sequence components. In other words, the conju- 
gate of the positive-sequence component is equal to 
the negative-sequence component of the conjugate, 
and the conjugate of the negative-sequence com- 
ponent is equal to the positive-sequence component 
of the conjugate. The reason for using a separate 
symbol, such as the asterisk, after instead of above 
the letter to denote its conjugate is now apparent. 


oh ate Ah 


(i 
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TRANSFORMATION FORMULAS FOR DyYApDIcs 


With the preceding discussions on how the measure 
numbers of a vector change with a linear homogenous 
transformation of base-vectors, it is an easy matter 
to extend the same method to dyadics, since by 
definition a dyadic consists of the sum of a number 
of dyads, each of which contains 2 vectors written 
side by side without any sign in-between. Thus 
let the nonion form of an impedance dyadic, for 
example, be written out in full as: 
Ziti +Ziy if + Zixik 


(51) 


Z= 44251 + 23553 + Zirsk 


+ Zrii kit Ze kit Zee kk 

and a set of non-coplanar vectors x., x», x- be speci- 
fied as base. Then there will be 4 alternate ways 
of expressing the measure numbers of the dyadic 
with respect to x., x, and x... They are: 


ae cree 8! xoxp + Zo XaXe 


EZ xan 4 ZO xexe 4 Lo xbX; 
een to xexeh Lo ck 
Za xqx® + Zi xqx? + 2% xax° 


Fhe (52a) 


SY Ade SARA G 4s RY ALS (52b) 
TE fone wee WV Aa ys ee May Aare Pa 


WG tige A Fel expe Lak xox, | 


Z= 


Z= + Zj,% x xq TEAR x xp 
een tant Lex xb 


Tee Zp x x Zan | 


(52c) 


eee Fax x + Zhp eee Loe xe ke 


Wo Zepxn Zep xix, + Zee x'x" 

the 9 scalar coefficients in each of which may be 
called respectively the contra-contravariant, the 
contra-covariant, the co-contravariant, and the co- 
covariant measure-numbers with respect to x, Xp, 
and x, In case x, x,, and x, are orthogonal unit 
vectors, these 4 forms will be all identical. Because 
of the reciprocal nature of x,, x, x, to x’, x’, x’, the 
different measure-numbers may be easily found. 
Thus, using m and nm to stand for any one of the 
indices, one gets:} 


(52d) 


gm = x Fx” 
Z™, = x™ Box 
Zin = eee (53) 
Zmn = Xm Bern 


As a particular case of the above transformation, 
take the impedance dyadic of a completely sym- 
metrical machine>®’ which may be written as: 

Ati + Cij + Bik 
+ Byi + Ajj + Cjk 
+ Cki + Bkj + Akk \ 
and transform it to u, f, and 6 as base vectors. It 
is then found that 


Z= (54) 


Z = Zou + Z,fb + Z.bf (55) 
in which 

ZB=awZu=]A+B+C 

2=bZ2Zf =A+aB+a°C (55a) 
Z2,=fZBb =A+aB+aC 


As u,f, and 6 form the system reciprocal to u, b, 
and f and vice versa, calculation for all 4 forms of 
equation 54 as indicated by equation 52 using this 


+ Note that the dots before and after indices m and ” in Z™, or Zm™ are to 
show which index comes first and do not liave any mathematical meaning as 
the dots used in dot multiplication. 
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particular base-system will result in the same expres 
sion already given in equation 55. In passing, i 
should also be noted that the 3 measure-number: 
Z, Z1, and Z, can be obtained by multiplying the 
dyadic of equation 54 by the unitary dyadics 
and #i~1 defined by :{ 


aie ie 1 ft 2°74 
SA=—||1 a @ Mo= —~]1 wa (56 
/3 Ais t<gF ep V3 I eh) oe’ |\| 
because 
MAH = 2u%+ 277 + Zkk = ZB’, say (57 


The difference between equations 55 and 57 in thei: 
relations with equation 54 should be carefully noted 
Equation 55 gives the same dyadic as given by 
equation 54 referred to new co-ordinate axes whik 
equation 57 gives a new dyadic #’ after an affin: 
transformation of space with origin fixed, the co 
ordinate axes being unchanged. There are 2 ways o: 
regarding a linear homogenous transformation. 


Dyapic ANALOGUES OF 1, a, a? 


In the application of dyadic algebra to 3-phas 
circuits, it has already been noted that the cros: 
product of the isoclinic vector, that is, (u X), anc 
another vector is quite similar to 7 in scalar multi 
plication with a complex scalar, both denoting rota 
tions through 90 degrees. Instead of speaking o: 
(u X) as u in cross multiplication, it is sometime: 
more convenient to consider the same operation as 
a dyadic (u X 2) in dot multiplication, wherein % is 
the idemfactor 
Y= i+ sj + kk = xox" + xpx? + xcx° = uu + fb + bf 
already mentioned before. Just as 7? = —1, 7® = 
—j,j*' = 1, 7® = j, ete., the dyadic (u X %) ha 
similar properties, which, however, must be ex: 
pressed in somewhat different symbolism, becauss 
cross-multiplying any vector by u nullifies the iso 


clinic component of that vector altogether. Thus 
it can be easily shown that if R is any vector, 

u X (u X R) = —(t — uu)-R 

or 

(u X B-(u X H = (u x H? = -G - aa) (58a) 
Further from u X { u X (u xX R)} = —-—uaXR 
one gets 

(ux De = -(ux (58b 
Likewise, 

(u X tt = GE - uu) (58¢ 


which, when operated on any vector, gives that vecto: 
without its isoclinic component. To complete th 
analogy between (u X %) and j, it may be stated tha 
(ax =uxi (58d 


and that the other higher powers follow equation 
58a, b, c, and d. The dyadic (u X %) may, there 
fore, be considered to be the square root of —(# - 
uu) just as 7 can be considered as the square root o 


¢ In equation 56 the unit vectors i, 7, and k and the plus signs have all bee 
omitted to bring out the arrangement of the coefficients in the matrices. Ther 
should be no confusion as to the meaning of the coefficients as the position ¢ 
any one in the square array will show at once which 2 unit vectors are associate 
with it. See reference 2. 
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-1. The utility of (wu X 2) in star-delta voltage 
yy current transformations has been noted before, 
vhile the usefulness of (f — uu) in eliminating, and 
zu in obtaining, the zero-sequence component should 
ye apparent to those who have occasion to do so. 
Coming to the investigation of the dyadic ana- 
ogues of the 2 complex cube roots of unity, namely, 


m= cos 120° + jsin 120° a? = cos 240° + jsin 240° 


t may be noted that the impedance dyadic of a 
ymmetrical 3-phase machine as given by equation 
4 can be written as: 


B= A+ Bs + CK (59) 
n which 
(=a+ si +kk H=jitikikiy K=kitij+jk 
or 
ee 0) OsLONd ie a) 
f= jo 1 of} B= 1 0 O| K= lo 0 1 (60) 
Oe." * 1 pai, {20.0 


The dyadic ft is simply the idemfactor—the analogue 
of 1. The dyadics # and K may be considered to 
9e formed from % by moving each row of the matrix 
of # down and up once, respectively. The dot product 
of J and J or K leaves J or K unchanged, while 


IA -K KK -V IK -V = KI = K =} (61) 


These are analogous to 


aa = a? Ce = a4 aa? = a3 = aa = (a2)? = 1 (62) 
Moreover, corresponding to 

a — a’) = 39, (a? — 1) = V3ja, (1 — a) = V8 ja? (63) 
one finds: 

J -K=-V3uxh = V3 x a) 

KR J = V3ux) = V3I Xv) (64) 
ft -9 = V/3(u x &) = V3K X a) 


Thus ¥ is analogous to a and K analogous to a’. 

As for the dyads au, fb, and bf, which appear 
in equation 55 for machine impedance, they are 
quite simply related to #, J, and K as follows: 
juu=+94K | 
sfb=h+ aH + cK (65) 
bf =1 + oI + aK 

In concluding it may be noted that the determinant 
formed from the matrix of I, J, or K as given in 
equation 60 is in each case unity, that 9 is the 
transpose as well as the reciprocal of K and we 
versa, and that all 3 quantities are commutable with 
each other in dot multiplication. These properties 
facilitate greatly calculations involving them. The 
practical usefulness of expressing machine impedance 
in terms of %, #, and K lies in the fact that with 
constants A, B, and C known, a completely symmet- 
rical 3-phase machine can be treated asa static 3-phase 
network though with peculiar mutual impedances. 
Thus in systems where several dis-symmetrical static 
impedances coexist with symmetrical machines, the 
time-honored Kirchhoff’s laws can be applied in a 
straightforward manner without resorting to’the use 
of symmetrical components, which method, interest- 
ing as it may be, sometimes actually transforms 
simple relations into longer ones. 
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Appendix | 


To show the nature of elliptical rotation, multiply the vector 
Eo= Eo ae = "| Fi Zei + ee Ze + Be Zyk of 
equation 22 by the cyclic factor of equation 27 so as to result in: 


E, = BE +jE," =|Ei|Z(e +9i+! B|Z@+a74+ 
| Ex| Z(7 + ®)k 


The real varying vector correlated to EF; is then: 


4/2{| E;| cos (wt +a +0) i+! F;|cos(ot +8+0F + 
| Ex|cos (wt + y + 0)k} 


Comparing this with equation 21, it may be seen that they repre- 
sent the same ellipse, because the value of e; at any (w#) is the same 
as that of e at @ degrees later. The positions of £,’ and &,” rela- 
tive to E’ and E” will, therefore, be as shown in figure 1. It re- 
mains next to show that the shaded area between E’ and E,’ and 
that between E” and E,” are equal and that each is equal to 6/360 
degrees of the total area of the ellipse. Consider the parametric 
equations of an ellipse referred to its major and minor axes as 


(os) 


(66) 


e; = 


(67) 


x = A cos wt 
y = Bsin wf = A cos ¢ sin wt 


These show that any point P (figure 2a) on the ellipse may be found 
from the circumscribed and the inscribed circles having radii A 
and B by drawing a line OM to intersect the circles at M and M’ 
and then projecting vertically and horizontally to meet at P. Refer- 
ring to figure 2a, it may be seen that 


SM = OM sin wt = A sin wt 
SP = OM’ sin wt = B sin wt 


or for any position of the point P 


SM/SP = A/B = 1/(cos ¢) (69) 


This shows that if the plane of the circumscribed circle is tilted so 
as to make an angle of ¢ with the plane of the ellipse (figure 2b), 
then every point P on the ellipse can be considered as the projection 
of a point M of the circle. Hence, as the line OM rotates through 
an angle 0, the sector swept through by OP of the ellipse will be 
proportional to 0, the factor of proportionality being determined 
by the fact that when OM makes a complete revolution of 360 
degrees, the total area of the ellipse will have been swept through. 


Appendix Il 


The condition A:A = 0 is easily seen to be sufficient for the 
complex vector A to have a circle as its directional ellipse, because 
by equation 18, the vanishing of A:A requires the vanishing of 
A’ A” and the equality of A’-A’ to A”-A”. Since A’ and A” are 
the conjugate semidiameters Of the ellipse, the condition A’-A” = 0 
shows them to be perpendicular to each other and hence semimajor 
and minor axes. The equality of the major and the minor axes 
shows the ellipse to be a circle. 

To show that the given condition is necessary, let a cyclic factor 


A Fig. 2. Constructing an ellipse 
from circumscribed circle 


(a) (b) 
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Z6 be found such that when the original vector E is multiplied by 
Z0, namely E: = E Z 0, the new vector &, will have conjugate 
diameters in the directions of the major and the minor axes of the 
ellipse. This cyclic factor Z @ will have a determinate value if the 
directional ellipse is a true ellipse but will be indeterminate if the 


ellipse becomes a circle. Now 

E,=E 26 or E=E,Z (-6) (70) 
Since the real and the imaginary parts of &, are perpendicular, 

E-E = (E\-E,' — E""E,") Z(—26) (71) 


Since the quantity within parentheses is a real scalar, equation 71 
shows that the angle @ depends only on the ratio of the real and the 
imaginary parts of E-E. In other words, if m = E-E = m’ + jm", 
then tan 20 = —m"/m'. However, this value of @ will be inde- 
terminate if E-E = 0, for then m’ = m” = 0. Hence the proposi- 
tion is triie as stated. 
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Resistance-Capacitance Coupled Amplifiers 


This paper applies the method of circular 
loci to the determination of the vector 
amplification of resistance-capacitance 
coupled amplifiers. It is shown that the 
locus for both exact and approximate 
equivalent circuits is the sum of 2 circles, 
whereas for the approximate circuits at high 
or low frequency the locus is a single circle. 
The locus of vector amplification for this 
type of amplifier may be drawn directly 
from the circuit constants and the magni- 
tude and phase angle of amplification at 
any frequency read directly. 


i ise VERSATILITY of the resist- 
ance-capacitance coupled amplifier has been in- 
creased greatly by the proper choice of shunt capaci- 
tances to secure either a flat or peaked amplification- 
frequency characteristic, as desired. For certain 
purposes it is necessary to reduce the shunt capaci- 
tances to a minimum, that is, the shunt capacitances 
of the tube and associated connections. In other 
cases, however, the required performance charac- 
teristic dictates much larger vaiues of shunt capaci- 
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tances, which are obtained by adding externe 
capacitances to the grid and to the plate. Adjust 
ment of the shunt capacitances, the coupling capaci 
tance and the resistances in the circuit controls th 
sharpness of the response curve as well as its positio: 
in the frequency spectrum. 

The large internal plate impedance and the prac 
tical elimination of grid-to-plate capacitance in th 
screen-grid tube has brought about a considerabl 
advantage in favor of the resistance-capacitane 
coupled amplifier as compared to the transformer 
coupled amplifier in voltage amplification work 
This condition has been described by L. B. Arguim 
bau,’ who has shown, ‘‘that the gain of a trans 
former-coupled amplifier is proportional to th 
effective impedance built up in the secondary circui 
but is reduced by the step-up ratio of the trans 
former: 

Although the design of the resistance-capacitane 
coupled amplifier is quite straightforward from th 
analytical standpoint, the accurate calculation of th 
response curve, when all the shunt capacitances ar 
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ken into account, becomes laborious and time- 
ynsuming. When the equivalent circuit can be 
pproximated by neglecting shunt capacitances, the 
lution becomes somewhat simpler. However, if 
1e frequency range is so broad that no circuit con- 
ants may be neglected, or if external shunt capaci- 
ces are added to modify the shape of the response 
irve, it is obvious that the exact equivalent circuit 
inmnot be avoided. D. G. C. Luck? has given an 
cellent method of design which simplifies to a 
msiderable extent the work entailed in selecting the 
rcuit constants to give a predetermined response 
irve. 

The author has found that the method of circular 
ci can be applied very conveniently to the deter- 
ination of the vector amplification as a function of 
ie frequency, or at a fixed frequency, as a function 
‘any one of the circuit constants. The method 
) be described makes no assumption other than that 
le tube characteristic is linear, which is the quali- 
cation necessary to transform the _ resistance- 
ypacitance coupled amplifier into an equivalent 
reuit. The exact equivalent circuit will be 
eated first, then in turn, the so-called approximate 
juivalent circuit, the approximate circuit at low 
equency and the approximate circuit at high fre- 
yency. it will be shown that with variable fre- 
uency the amplification vector for the exact and 
1 the approximate equivalent circuits follows a locus 
hich is the sum of 2 circles, whereas for the low 
id high frequency approximations the loci are 
ngle circles. These loci being drawn in the complex 
ane, the plots give not only the variation of the 
agnitude of the amplification but also of its phase 
igle. 


XACT EQUIVALENT CIRCUIT 


The exact equivalent circuit of a single stage is 
own in figure 1. The shunt capacitances C, and 
. consist of tube and lead capacitances as well as 
ry external capacitances added to control the re- 
onse curve. The resistances R, and KR, are the 
yipling and grid resistances, and if necessary for 
me work, their values may be modified by parallel 
akage conductances of the insulating members. 
he resistance Ry, is the internal plate resistance of 
e tube. Taking circulating currents around the 
rious meshes as shown in figure 1, the following 
uations for electromotive force are obtained: 
j j 
(x 5 4 ‘= wCp a 


— Be, 


J J 
wCy i .( 7 i) : 
— Re + (Re + R= a - Rs = 0 
wCe¢ 
j 
— Rg + Ie (x.- 5) = {0 
wCg 
ving these equations simultaneously for I, gives 
juerRcRg 
ae 
"denominator 
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Fig. 1. Exact 
equivalent cir- 
cuit of ampli- 
fier 


in which the denominator arranged in descending 
powers of w is 
w(—jReRpRgCp)(CoCg + CeCp + CpCg) 
+ w®| —R-ReCp(Co+Cy)— Rp Cp [Re Cp+ Co) +Re(Cye+Ce)] } 
+ w(+jCp)(Re + Rp) 


The output voltage of the stage may be written as 


J 
— 16 —— 
E a 
The expression for vector amplification, A, is then 


Ave. | 203 eo 
é 


1 
which gives 


—juCew 
\ Rp(CcCzg + CoCeg + CoC) 
me 4 Gel Re( Ret Ro) Cet Co) +RpRe( Cot Ce)] =(Rp+Re) 
ReRpRg(CeCg + CoCz + CpCe) (1) 


This expression is linear with respect to the angu- 
lar velocity in the numerator and is arranged as a 
quadratic of w in the denominator. Condensing the 
scalar factors of w into single constants, the equation 
is of the form 


—jkw 


Ain eee 
Rar as (2) 
in which 
G, 
bee KYe 


Rp(CcoCg + CpoCg + Cpe) 
be R,( Re sr Rp)(Cg ar Ce) ar RpRA(Cp aP Cc) 


b 
RR FRAC Cae ChCse CO) (3) 
Gin pee an ny, Re) Caen 
RoRpRAC.C, a CoC oo G5Ge) 
The equation of a circular locus is 
pe oe (4) 
y + dp 


in which S is a vector describing a circle as the 
scalar variable p ranges from minus to plus infinity 


and a, 8, y, 6 are complex constants. The vector 
to the center of the circle is 

a — By 
C= — 

yi — Oy (5) 


and the radius of the circle is 


ai — By 
dy — ¥5 


(6) 


in which the vinculum (~) indicates the conjugate 
of the vector to which it is attached. 
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The variable scalar in the present case is the 
angular velocity and the expression is not linear with 
respect to w in the denominator, but is a quadratic. 
The amplification therefore, does not follow a circu- 
lar locus, but by the expedient of partial fractions, 
may be handled conveniently as the locus of the 
sum of 2 circles. Thus equating the denom nator 
to zero, 2 roots are obtained, w; and w2, which are 
complex and will be assumed to be unequal. Fur- 
thermore, in most cases, b? > 4c making the roots 
pure imaginaries which will be the conditions assumed 
here. 


+jb + V —b? + 4c 


2 


01,2 = 


The amplification may then be written as the sum 
of 2 linear fractional transformations 
—jhko M, M; 


A= 5 = 
w*? — jbw — ¢ 


@® — w® — we 


in which M, and Mare constants free of w. Clearing 
of fractions, equating coefficients of corresponding 
powers of w, and solving for ; and M2, remembering 
that (w — w:)(w — w) = w? — jbw — ©, 

te Sees ieee (7) 


OQ — We Op 


The amplification is then 


—jkor joe 
W, — We Gy, — a 
1 eae =S+S: 
(20) neta S 4 | WwW W2 
\ 
704 \ 
\ 
\ 
\ 
\ 
60 \ 


Sp SCALE IN CYCLES 


Fig. 2. Locus of amplifica- 
tion of exact equivalent cir- 
cuit 
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where the 2 circles are 
—jko, jRo» 
fs ee 6 = eee 


(isp ay wWO— We. 


amplification is the sum of 
The invariant points are, wh 


Thus the locus of 
circles, S, and Ss, 
a= 0) 


and when w = o, 


From equation 5 the center vector of circle S; is 


—jkj | @ | 


Cc flees | —aikeoa)) = ae k 
Si a A a 
—jleo:|—jlel!  2¢! or] — | o |) 


and the center vector of circle S» is 


Iki | 2 | 
Cc Br (oul Ses) —k 
‘3 = — : = 
—jlo|—jlee| 2 |e] — ||) 


Similarly from equation 6 the radius of S; is 


—jky | or | 
nae gles eal) = k ( 
Jlor| + 7| | 2( | or | — | we | ) 
and the radius of S, is 
__ + jkj | 2 | 
Rowe gee \i= len) ) < k ( 
j | o2| +7 | @ | 2( | or | — | we | ) 


0 10 20 30 40 Solid 
SCALE OF AMPLIFICATION a 
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ANGLE — DEGREES 


4 10 100 
FREQUENCY — CYCLES PER SECOND 


Fig. 3. Variation of magnitude and phase angle of 
amplification with frequency for exact equivalent 
circuit 


A—Masgnitude B—Phase angle 


‘hus both circles have equal diameters, k/( | w: | — 

w, |). As the frequency varies from zero to in- 
nity, S; travels from the real point k/( | o | — 
w, | ) to the origin along the circle in the fourth 
uadrant. At the same time .S; travels from the real 
oint —k/( | w | — | w: |) to the origin along its 
ircle in the second quadrant. 

Both circles pass through the origin and have their 
enters on the real axis. The values of S, and S) are 
ero at infinite frequency and are of equal magnitude 
ut displaced by 180 degrees at zero frequency. 
‘hus the resultant curve passes through the origin 
t both of these points, that is, the amplification is 
ero at both zero and infinite frequencies. This is 
he condition required by the presence of shunt 
apacitances across the input and output terminals 
f the circuit and the series coupling capacitance. 
‘he amplification locus is a closed curve with a 
ouble point at the origin and belongs to the family 
f bicircular quartics. In case the roots of the 
enominator are equal, the procedure is the same 
s indicated above, with the exception that when 
reaking down the expression for amplification into 
artial fractions, one of the denominators will be 
w — wa)? where wy is the double root. This form 
3 the square of a circle. Its square root is therefore 
circle and it is plotted in the conventional manner. 
. sufficient number of points on this square root 
ircle are then squared graphically, thereby giving 
he locus of the square of the circle. A solution of 
his type in connection with a bridge network may 
e found in a previous paper.’ 


.PPLICATION TO A TYPICAL CIRCUIT 


To illustrate the use of this method, the locus of 
mplification of the circuit called “type IIL’ in the 
aper by Luck? will be determined. This particular 
ircuit was designed for a peaked response curve at 
frequency of 60 cycles in order to avoid stray effects 
fithout resorting to magnetic shielding. The con- 
tants of this circuit are as follows: 


‘» = 0.75 megohm Cy = 0.0085 microfarad 
= 0.24 megohm Cz = 0.0085 microfarad 
'¢ = 0.18 megohm C, = 0.0085 microfarad 


wu = 652.5 
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Fig. 4. Ap- 
proximate 
equivalent cir- 
cuit of ampli- 
fier 


Substituting these values into the equations of the 
constants of the bicircular quartic, equations 3, the 
constants of the locus become 


k = 34,120 b = 867.1 é = 141,000 


Inserting these constants into equation 2 the 
expression for amplification is 
—7 34,120 w 
w? — 7 867.1w — 141,000 


A= 


The roots of the denominator are 
wr. = 7 650.4 we. = 7216.8 

The constants !@, and M, from equations 7 are: 
M, = 


—j 51,180 M, = j 17,060 


The amplification may now be written as the sum 
of 2 circles, or 


_ —j 51,180 717,060 
, @—76504 § o — 72168 
The 2 circles are: 
5, = 251,180 _ 517,060 
siphon] 650.4 exon D168 


The invariant points are, when w = 0, 


Si(0) — 78.7 S2(0) = —78.7 


and when w = o~ 


Si(o) = 0 Sx) = 0 


For the third point necessary to determine the 
linear scale line, a convenient value of w is 377 
corresponding to a frequency of 60 cycles. This 
gives 


Si) = 68.1 Z—30° S20) = 39.2 2120° 


The diameters of the 2 circles are equal to 78.7 and 
are coincident with the vectors S; and S, at zero 
frequency. The points for w = 0 and w = 377 
determine the linear scale lines. A scale line is any 
line drawn perpendicular to the line joining the 
center of the circle with the point on the circle 
corresponding to w = o. Lines drawn from the 
latter point to any other points on the circle, such 
as w = 0 and w = 377, intercept a segment of the 
scale line proportional to the increment of the varia- 
ble; in this case to 377 radians per second. The 
length of this segment fixes the scale of angular 
velocity or frequency along the scale line, which 
may now be subdivided according to any desired 
unit. In figure 2 the lines are shown subdivided 
in tens of cycles. Any line drawn from the infinity 
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point on the circle then intersects the scale and the 
circle at corresponding values of the variable, in this 
case the frequency. In figure 2 portions of such 
lines are shown dotted for both circles, for f = 5, 10, 
20, 30, 40, 50, 60, and 75 cycles. Vectors of corre- 
sponding frequency on Si and S: are then added 
giving the resultant locus of vector amplification. 
This construction is shown in figure 2. The magni- 


Fig. 5. Ap- 
proximate 
equivalent cir- 
cuit at low fre- 

quencies 


tude of the amplification at any frequency may be 
read off directly by means of the scale provided; 
the phase angle of the amplification may be obtained 
by measuring the angle the amplification vector 
makes with the real axis. The response curves 
plotted in figure 3 were obtained in this manner. 


APPROXIMATE EQUIVALENT CIRCUIT 


In many cases where there is no added external 
capacitance across the plate of the tube, the plate- 
to-filament capacitance as well as the stray capaci- 
tances of the leads at the output end are small 
enough to be neglected, even for fairly high fre- 
quencies. The circuit then may be called the 
approximate equivalent circuit and it covers a 
large fraction of amplifiers of this type. This circuit 
is shown in figure 4. The solution for amplification 
for the exact circuit being available from the pre- 
ceding work, the equation of amplification of the 
approximate circuit may be derived therefrom by 
merely making Cy zero throughout the expression. 
When this is done, the amplification becomes 


—juw 
RC, 
a Min OREN G (12) 
Ae —jo[Re(Re+Rp)(Cgt+ c)t+RpR-Ce] a Ro+Re 
Re-RpRgCcCg R-RpRgC- Cz 


This expression is identical in form with the pre- 
ceding case and may be written as 


sho 


w? — jbw — ¢ 
in which 


=, BK 
RERSC, 
_ R(Re + Rp) Cy + Cc) + RpReCe 
S R:RpReC-Cz 
aha Rp + Re 
R.RpRgCcCy 


b 


(13) 
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Inasmuch as the expressions for amplification — 
both cases are the same with the exception that tl 
scalar constants differ slightly, whatever has be 
said concerning the characteristics of the locus f 
the exact circuit is equally valid for the approxima 
equivalent circuit. Once the constants of the i 
circular quartic for the approximate circuit, k, 
and c, have been determined, the remaining wot 
is precisely the same as that for the exact equivale 
circuit. The constants k, 6, and c in both cases a: 
all sums, products, and quotients of scalar quantiti 


Fig. 6. Ap- 
proximate 
equivalent cir- 
cuit at high fre- 
quencies 


and hence may be evaluated for the exact circu 
almost as quickly as for the approximate circui 
For this reason, as far as the method of circular lo 
is concerned, it is immaterial which circuit is used 


APPROXIMATE LOW-FREQUENCY CIRCUIT 


At low frequencies when no externally adde 
shunt capacitances are employed, the input ar 
output parallel capacitances of the tube play 
negligible rdle. This brings about a considerab 
simplification in the circuit which is drawn in figure 
The equation for amplification in this case may 
obtained from the exact amplification equation k 
making C’, and C, zero, whereupon the amplificatic 
for the low-frequency circuit becomes: 


A at woR,RgCe (i 
(Rp OR) + wCARpRe + RiRp + RpRp) 


which is of the form 


Fei eae 

a —jc + dw Q 
in which 
b= uR-ReC, 
B= Ie) GP IG 6: 
d = Co(RgRe op R-Rp + RpRz) 


The amplification, now being a linear fraction 
transformation, follows a circular locus. The cent 
vector and the radius are, from equations 5 and 6, 


—jbe b 


=a a “ 

nae —jbe “eae 

D WitdPegcd |. 2d a 
The invariant points are, for = 0 and w = 
respectively, 
Aq = 0 Alicpy = Wife} 
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Phe circle passes through the origin and has its 
enter on the real axis at a distance b/2d. As the 
requency varies from zero to infinity, the ampli- 
ication vector travels from the origin to the real 
oint b/d along the circle in the first quadrant. 


\PPROXIMATE HIGH-FREQUENCY CIRCUIT 


The usual circuit approximation at high frequen- 
ies neglects the plate shunt capacitance and the 
eries coupling capacitance as shown in figure 6. 
This, of course, means that there is no external 
‘apacitance added across the plate, and that the 
requency, although high, is not sufficient to make 
he magnitude of the plate-to-filament capacitance 


ippreciable. Again reverting to the equation of 
Fig. 7. Locus of amplification of 40 
approximate circuit at low fre- 
quencies 
304 
=| 
oO 
>= 
oO 
Zz 
w 
= 
< 
es 20-48 
= mas \ 
3 - 1 
\ 10 \ 
‘i 5 \ 
- ‘S el 
Ny \ \ 
SS \ \ 
\ 10 \ 
j De Q20 
A 
(i) se 
’ 60 
e _. fe) s 
ORIGIN 0 e 


if i ae.  . a a 
fo) 2 4 6 8 10 2 14 16 18 
SCALE OF AMPLIFICATION 


mplification for the exact circuit and making C. 
nfinite and Cy, zero, the amplification for the 
ipproximate high-frequency circuit becomes 


Ss juRcReg 
+j(ReR: + R-Rp + RpRg) — wRcRpR,C, 


(19) 


[his being a linear fractional transformation is a 
ircle in the form 


ee (20) 
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where 
a= uR.Rg 
c = R,Ro + ReRp + RpRe (21) 


The circle in this case has a radius, equation 6, 


a |. Sad sad es -¢ (22) 
+jed + jcd 2c 
and a center vector, equation 5, 
is jad 
c-—“_-° (23) 
—jed — jcd 2c 
The invariant points are, for » = 0 and w = @ 
respectively, 
a 
2 ON 2. A(o) = 0 


The circle therefore passes through the origin and 
has a diameter coincident with the real axis, ter- 
minating at a/c. As the frequency varies from zero 


Ww Pe MAUS an 

O16 ae FH 80 
> PEL es loa TST IT isms 
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4 a 
= | 
Z 8 oe 
= Zé 
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FREQUENCY — CYCLES PER SECOND 


Fig. 8. Variation of magnitude and phase angle of 
amplification with frequency for approximate equiva- 
lent circuit at low frequencies 


A—Masgnitude B—Phase angle 


to infinity the amplification vector travels from the 
real point to the origin along the circle in the fourth 
quadrant. 


EXAMPLE OF THE LOW-FREQUENCY CASE 


The following design is a typical application over 
a range of frequencies where both the grid and plate 
capacitances may be considered negligible. The 
circuit constants are: be 


0.05 microfarad 
30 


Ry = 0.1 megohm (Ex 
R,; = 0.15 megohm m 
Rg = 0.6 megohm 


I tl 


Using these values the circle constants from equa- 
tions 16 become 


b = 0.1350 X 10° 6h==" 0.25 >< 10° d = 0.00825 x 10° 


The expression for amplification as a linear fractional 
transformation is then 


a 0.1850 
~ 7 0.25 + 0.00825 w 
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The invariant points are at w = 0 and w = © re- 
spectively, 
Aq =0 A(o) = 16.4 


A convenient third point is at 60 cycles which gives 


Ao) = 16.3 24.5° 
The center vector of the circle is, equation 17, 
0.13850 X 10° 


~ 2 x 0.00825 X 10° 


The radius has the same value, equation 18. 

This locus is drawn in figure 7, together with the 
linear scale line as determined by the zero and 
60-cycle points. The variation of magnitude and 
phase angle of the amplification as obtained from 
this plot is given in figure 8. 

In both the low-frequency and high-frequency 
approximate circuits, it should be observed that 
only that portion of the circle is valid which falls in 
the frequency range over which the neglected capaci- 
tances are negligible. 

For the convenience of the designer and computer 
a chart is given in table I, which lists in compact form 
the various constants and equations necessary for 
determining the amplification loci of the several 
circuits treated herein. Each circuit has its definite 
region of usefulness in the frequency spectrum as 
determined by the reactances of the capacitances. 
When external capacitances are added to the plate 
and grid to obtain a particular shape of response 
curve, it is always necessary to use the exact equiva- 


lent circuit. Otherwise when the shunt capacitance 
are those of the tube itself and associated leads, tl 
approximate circuits give equally accurate resul 
over appropriate portions of the frequency spectrur 


AMPLIFIER CIRCUIT AT CONSTANT FREQUENCY 


If it is desired to study the vector amplification | 
a single frequency as any one of the circuit constan 
varies, the expression for amplification, equation 
may be rewritten with the variable element factor: 
out in the numerator and the denominator. That: 
the numerator and the denominator would thr 
consist of a group of constant terms, plus the variab 
times another grouping of constant terms. T) 
variable resistance or capacitance will always occ 
to the first power in both the numerator and t! 
denominator and the resulting locus will alwa 
therefore be a circle. This follows from the gener 
theorem concerning the circularity of loci, namel 
that in a network containing any number of line 
and bilateral self- and mutual-impedance elemen 
connected in any manner with constant sinusoid 
electromotive forces of like frequency connected 
any arms, all currents and all voltages follow circul 
loci, when any one self-impedance is varied along 
straight line in the complex plane.* Thus whenev 
any resistance or capacitance in the circuit is varie 
at constant frequency, the resulting locus of amp 
fication is a single circle and is treated exactly as tl 
approximate circuits at low and high frequenc 
already described for variable frequency, with tl 


Table |—Equation; for Determination of Loci of Resistance-Capacitance Coupled Amplifiers at Variable Frequen 


Amplification = A = e2/e 
Circuit Exact Equivalent Circuit Approximate Equivalent Circuit Approximate Circuit at Approximate Circuit a 
Low Frequencies High Frequencies 
Assumptions None Cp = 0 6,230 Ch= oO OP (0 G b. 
p= (bore jy Cnt 
Equation Jee I for both exact and approximate circuits, Both cases the same bw ja 
w? — jbw — ¢ except for constants A= = eeniea A= re d 
—. w je — dw 
(6; 
k = a Bie b = uR,RiC = 
= = phghkcCe a = uRgR, 
RECO CCet Oe) RG ce. RRS yes RpRe “ER.Rp-+Rp 
Constants p a RalRetRp)(CotCe) + RpRe(Cot+ Cp) » = RolRetRp)(CotCo)+ReRpCe || d =C.(RpRe+ReRp+RpR,)|| ¢d = RyReRpCy 
RgReRp(CgCe+ CeCp+ CpCg) RgReRpCgCe 
Es Ree RS ne Raters One circle One circle 
RgRcRp(CgCc+ CcCp+CpCo) RgR-RpCgCe ob Radits a 
Locus Sum of 2 circles, that is, bicircular quartic che es 
: / Exact equivalent circuit 2 cae = 
Roots . +jb + —b2 + 4¢ quivalent circu1 2d Ector oe 
2 
0 
Invariant w=0 A= & 
A = Si + Se for 6? > 4¢ and w ¥ w» By: points ¢ 
Equation poe d wo=o A=0 
ete ot SSE eet = 
circles gs, a lortatel o . lel—tesl 
i wo @ : (A ha Br 3 
: k for 
Rad ——_—_—_—_—_ 
icc X1eal—le) both circtes 
Center for Si E ; for Sz zk 
Peclon 2(| w1 | — | we |) 2(| 1 | — | we |) Typical || “= Se Typica 
ss 2s Soe SE 5 locus locu 
k = ; a 
Invariant w = 0; Ce rar ag OS yh ; 82 = atk Ate = Grid resistance Cy = Grid capacitance 
rts or | — | ws | | or | — | we | R. = Coupling resistance C. = Coupling capacita 
r areca Rp = Internal plate Cp = Plate capacitance 
Ms es iSO Saem0 Ae resistance uw = Amplification fac 
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variable frequency replaced by the variable resistance 
or capacitance. 
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Ignitron Welding Control 


In this paper the use of resistance-weld- 
ing timers using igniter-type mercury- 
cathode tubes is reviewed briefly and a 
seam-welding control unit containing a 
new design of inductive timer is described. 
An “ignition delay” form of control of 
welding heat or current magnitude is pre- 
sented in which one set of power tubes con- 
trols both current magnitude and time 
duration. Comparison is made with the tap- 
changing method; operation of several weld- 
ing machines from one timer is discussed. 


P mous LITERATURE during 
he past several years has described the advantages 
4 short and accurate timing for special and exacting 
esistance welding! as well as electronic welding 
ontrol means for such work’?~’. The purpose of 
his paper is to describe recent developments and 
efinements in the design and use of so-called 
gnitron-tube welding control apparatus and par- 
icularly to introduce a new “heat control’’ fea- 
ure applied to the same power tubes heretofore 
ised only to time the welding operation. To this 
nd, a brief summarizing description of short-timing 
nd electronic control is given, together with men- 
ion of trends in resistance welding which have 
esulted. 

Resistance welding, particularly in the branches 
own as spot and seam welding, is rapidly assuming 
ncreased importance in old and in new fields. 
ontributing largely to wider application of the 
rocess are improved methods for dealing with one 
f the most difficult factors, weld timing. Timing- 
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control devices are now available which, in operating 
from 60-cycle power sources, will accurately deliver 
less than 1/2 cycle of welding power. Such timing, 
when applied with a welding machine of high 
current output, localizes the necessary welding heat. 
This localizing of the welding heat has been found 
to permit strong and consistent welding of struc- 
tures demanding little surface deformation or burn- 
ing, and, when desired, accurate fit with other 
parts. In addition, and of considerable importance, 
short-time resistance welding has in recent years 
been extended to a variety of nonferrous metals and: 
heat-processed alloys, even when these are of low’ 
electrical resistance and sharp fusion point. Ex- 
amples of the recent highly successful application of’ 
accurately controlled spot and seam welding are the’ 
welding of refrigeration evaporator units from copper 
alloy sheets, the butt welding of handles to pots and 
pans for enamel ware, the vacuum-tight welding of 
metal radio tubes and the welding of stainless steel 
and aluminum for numerous uses, as in the new 23> 
speed trains and aircraft. . 

Extremely accurate control means in the form of 
electronic devices were generally introduced within 
the last few years. This form of control, applied to 
the primary of the welding transformer, functions 
to deliver current in terms of an exact number of: 
half cycles. Transformer primary currents of 7,000 
amperes and more (with corresponding secondary 
currents of many times this value) are carried, and 
interrupted, entirely by electronic tubes without 
dependence upon contactors. 

Since the introduction of electronic welding control; 
a very marked improvement naturally has taken 
place in contactors and their auxiliary timing devices 
for use in short-time spot welding. As a result, a 
considerable number of such auxiliary timing devices, 
as well as faster-acting contactors, are on the market 
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Schematic diagram of spot-welding control 
circuit using ignitron weld timing 


Fig. 1. 


A-—lgnitron tubes B—lgnition control tubes 
C—Autotransformer D—Tap changers 
E—Welding machine 


at the present time. In some cases, the timing de- 
vice is built as an integral part of the welding-con- 
tactor assembly. 

The apparent ultimate accuracy of these metallic 
contacting devices is somewhat limited, however. 
Some manufacturers of such equipment, for the 
lower kilovolt-ampere ratings, guarantee accuracies 
of plus or minus 1/, cycle. Although this represents 
only a 5 per cent error in 10-cycle weld timing, it 
represents an error of 25 per cent in 2-cycle welding. 
(In addition, nonrepeating transients are generally 
present.) Accuracies, however, of plus or minus 1 
cycle or even 2 cycles are probably more typical 
especially where appreciable welding loads are 
handled. The superior inherent accuracy and speed 
of electronic timing has, therefore, justified its greater 
cost for the more exacting modern high-speed spot 
welding. For the control of seam welding, no me- 
tallic contact device, particularly when appreciable 
welding power is involved, can equal the performance 
of electronic control. 

The ignitron tube has been described in other 
papers*®® as well as has its use in the control of 
spot and seam welding.” Therefore, only the essen- 
tial characteristics of the tube, as applied to resist- 
ance welding, will be reviewed here. 

The tube consists of an evacuated vessel contain- 
ing a graphite anode and a mercury-pool cathode, 
very similar to those used in conventional mercury- 
are rectifiers, and, in addition, a boron-carbide 
ignition electrode dipping into the mercury pool. A 
small ignition current is passed into the pool through 
this igniter at the beginning of each desired half cycle 
of power current. This ‘fires’ the tube in a manner 
somewhat similar to the firing of an automobile 
cylinder for each power stroke. The tube has proved 
ideally adapted to resistance-welding control since it 
embodies both the advantages of the mercury-pool 
cathode for heavy current duty, and a control feature 
such as is ordinarily supplied by the grid of hot- 
cathode tubes. During conduction of current, the 
arc drop of the tube is between 10 and 20 volts. 
The cathode consumes no energy during noncon- 
ducting periods. 

When employed for timing resistance welding, 2 
tubes (A) in parallel-inverse relation, as shown in 
figure 1, are necessary to control a-c power, since 
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each individual tube conducts current in but o1 
direction. For control of the ignition current, sme 
auxiliary hot-cathode tubes (B) are employed. TT! 
timing control circuit, whether for spot or sea 
welding, is then applied to the grids of these tube 
Welding-current magnitude, according to preset 
practice, is controlled either by taps ()) on a sep: 
rate autotransformer (C) as shown in figure 1, or t 
taps on the welding machine transformer itself. 


SIMPLIFIED CONTROL UNIT FOR SEAM WELDING 


The modern ignitron seam-welding control um 
as illustrated by figures 2 and 3 and the circuit di 
gram in figure 4, represents considerable simplific 
tion and improvement over the former unit of t 
same rating as described in 1934 by Stoddard’ ar 
illustrated by figures 6, 7, and 8 of his paper. Ti 
principal improvements of the new unit over tl 
previously described unit are greater convenienc 
lessened maintenance, a new inductive-type timir 
device, and inclusion of the heat-control featur 
described later in this paper, besides portability ar 
much smaller size. 

The new seam-welding control unit consists of 
separate assemblies mounted in a common enclosir 
cabinet with removable sides as shown in figure 
These 2 assemblies are the 24- by 36-inch contr 
panel visible in figure 2 and a power unit consistir 
of 2 steel tank-type ignitron tubes together with 
vacuum pump mounted on the bedplate behind tl 
control panel. Mounted on the front of the pan 
are ignition-control tubes and fuses, a timing dis 
(better shown in figure 3), a permanent magn 
equipped with coils (showing directly below tl 
disk in figure 2), an instrument for indicating ar 
d-c components in welding current, a weld-initiatir 
relay, and 2 dial-type knobs for adjusting ‘“‘heat 
and “‘balance’’ respectively. On the rear of tl 


Fig. 2. The sim- 
plified —_ignitron 
seam - welding 
control unit 
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yanel are mounted small transformers, resistors, and 
ther circuit auxiliaries. The ignitron power unit, 
though it has been somewhat improved and simpli- 
ied, requires no description in addition to that given 
n the earlier papers referred to previously. 

A synchronously driven inductive timer replaces 
he earlier, and somewhat similar, photoelectric 
levice. The function of this inductive timer is to 
ontrol both the number of cycles of current de- 
ivered at each weld and the number of cycles in the 
nterval between welds. An aluminum-alloy timing 
lisk, as shown in figure 3, contains 120 holes evenly 
paced about the rim. This disk, in 60-cycle equip- 
nents, rotates once per second and therefore each 
ole represents one half-cycle. Accurately fitting 
teel pins are then plugged into each hole correspond- 
ng to which welding current is desired. These pins 
vass between the poles of a small permanent magnet 
ipon which coils are mounted. Voltage generated 
n these coils by passage of the pins then activates 
he ignition control tubes and thereby controls the 
low of welding current. Various timing duties in 
ycles “‘on”’ and cycles ‘‘off’’ are set up by altering 
he pin arrangement. All pins are secured in place 
yy a common rubber-faced clamping disk placed over 
he timing disk and secured by a wing nut. 

The point of ignition of the tubes with respect to 
he voltage wave is not determined by the inductive 
imer but by the ‘“‘heat control” circuit. The induc- 
ive timer, therefore, selects the proper half cycles of 
ine voltage and the heat-control feature selects the 
ctive portion of the half cycle of line voltage neces- 
ary to deliver the desired current magnitude. A de- 
cription of circuit operation is given in the appendix. 

Advantages of the inductive timer are its sim- 
licity, reliability, and the definitely known timing 
n cycles “‘on’’ and “‘off’’ obtained by its use. The 
ptical and amplifying systems of the former photo- 
lectric timer with their attendant maintenance such 
s replacement of lamps, phototubes, and amplifiers, 
nd cleaning and adjustment of optical parts, are 
liminated. 

The seam-welding control unit shown in figure 2 
5 the smallest of 3 sizes now available. Upper limits 


Fig. 3. Timing 
disk of the new 
inductive timer 
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Fig. 4. Schematic diagram of the ignitron seam- 
welding control unit 
Detailed description of operation is given in the appendix 
A—l|gnitron tubes 
B—-|gnition control tubes 
C—Permanent magnet 
D—Timing disk and pins 
E—Worm gear speed reducer 
F—Synchronous motor 
G—Reactor 
H—"“Heat’’ adjustment potentiometer - 
I—‘Balance’’ adjustment potentiometer 
J—Grid transformer 
K—Grid transformer 
R—Resistor 
£—Shunt 
M—Instrument for indicating any d-c components in welding 
current 
N—Control relay 


in rating have not yet been established for the largest 
of these 3 sizes. However, in recent laboratory tests, 
this unit indicated capability of handling well in 
excess of the largest present seam-welding loads. 


WELDING-HEAT CONTROL 


Further developments in electronic resistance-weld- 
ing control have led to means for the accurate control, 
by one pair of ignitrons, of both current magnitude 
and duration of current flow delivered to the welding 
machine. This method of controlling current, or 
‘“‘heat,”’ offers several advantages as will be enu- 
merated and discussed later in this paper. 

Heat control, by this new electronic method, is 
accomplished by interposing a variable zero-current 
space or gap between the several individual current 
loops generating heat for one weld. Owing to the 
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(A) (8) 


Fig. 5. Oscillograms of tube-controlled 2-cycle 
spot welding showing reduction in welding current 
or ‘‘heat’’ by ignition delay 
Current scale in B and C is reduced to show more clearly the 
wave shapes 

Top traces—Primary current of welding machine 
Bottom traces—Line voltage 
A—Effective current during weld of 990 amperes; relative 


The additional apparatus required for electro 
heat control consists of variable grid-control circ 
means associated with the weld-timing circuit a 
co-operating with it in such manner that, althot 
the number of current loops obtained for one w 
remain as present, the loop magnitude may be var 
at will. 

Oscillograms A, B, and C of figure 5 show gs] 
welding with 2 cycles of welding current applied 
each case to a machine having a power factor of 0. 
The root-mean-square or effective value of weldi 
current is reduced in B and C by delayed igniti 
In A the current during the weld is 990 ampe 
effective value, in B 520 amperes, and in C 1] 
amperes. The scales of the 3 oscillograms wi 
made successively smaller to show more clearly t 
shapes of the current waves. The scale for B 
73 per cent that of A, and for C it is 46 per cent tl 
Oe . 

In similar manner, oscillograms W, X, and Y 
figure 6 show reduction in welding current in sez 
welding with a load having a power factor of 25 | 
cent and with current ‘‘on” 41/, cycles and “‘o 


3 cycles. InW, the effective current during each w 
is 1,100 amperes, in X 540 amperes, and in Y 1 
amperes. In figure 6, however, the current sc 
has been left constant to show successive reductic 
in crest value more clearly. 

The current loop obtained with delayed igniti 
contains both a sine and a transient term and m 
be expressed, neglecting tube arc drop, as 


current scale 100 


B—Effective current during weld of 520 amperes; relative 
current scale 75 


C—Fffective current during weld of 174 amperes; relative 
current scale 46 


inductive nature of welding loads, relatively small 
gaps result in appreciable crest-current reduction. 
Current gaps of this nature are obtained by delaying 
or retarding the ignition point of each tube beyond 
the natural power angle of the welding load. 
Heat reduction by this method suggests, and in 
some respects may be likened to, the lessened power 
output of an automobile motor with retarded spark. 


wR 
i= 1 sin (0 + wt) — (sin 6) 6 ae | 


where 
t instantaneous value of primary welding current 

crest value of full sine-wave current with no delay in ignit 
of the tube 


oll 


(W) (X) Y 


Fig. 6. Oscillograms of tube-controlled seam welding with 41/2 cycles “on” and 3 cycles “off,” showing reduction 
welding current by ignition delay 


The current scale is the same for W, X, and Y to show successive reductions in crest current values more clearly. In W ignition has & 
shifted, for first half-cycle, to a point in advance of natural current ‘‘zero,”” to show the effect of “early” firing 


Top traces—Line voltage Bottom traces—Primary current of welding machine 


W—Effective current during weld of 1,100 amperes X—Effective current during weld of 540 amperes 


Y—Effective current during weld of 170 amperes 
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Il 


@ = angle of delay of ignition beyond the natural power angle 


of the welding load in radians 

w = 2m times the line frequency 

¢ = time after ignition in seconds 

Rand X = resistance and reactance in ohms, respectively, of the 
welding load in terms of the welding transformer primary 


This expression applies for one loop only, or to 
where 7 falls to zero when the rectifying action of the 
tube prevents further current flow. A similar loop 
but of reverse polarity is obtained when the second 
tube is ignited 180 degrees following ignition of the 
first. The transformer secondary current will be of 
similar form. 

In figure 7 are shown plots of the successively 
smaller current loops, all in one view, as caused by 
successively delaying the ignition point in 20-degree 


POINT ON LINE VOLTAGE WAVE — DEGREES 
80 120 160 200 
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FIG. 7. WELDING- MACHINE 
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FIG.8. WELDING-MACHINE | 
|_ POWER FACTOR= 0.55 


FIG.9, WELDING- MACHINE 
POWER FACTOR=0.85 


LINE CURRENT — PER CENT OF FULL SINE-WAVE CREST VALUE 


Figs. 7-9. Curves of delayed-ignition welding 

current showing successive reduction in size of the 

current loop as the ignition point is successively 
delayed 


A—Line voltage wave 

B—Welding current loop with no ignition delay 

C—Current loops resulting from delayed ignition 

R, S, and T are power angles for welding loads with power 
factors of 0.25, 0.55, and 0.85 respectively 
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VALUE WITH FULL SINE WAVE 


EFFECTIVE CURRENT — PER CENT OF 


20 40 60 80 00 (120. 140 160 
POINT OF IGNITION OF THE TUBES ON THE LINE VOLTAGE 
WAVE— DEGREES FROM VOLTAGE ZERO 
Fig. 10. Curves showing resulting effective value of 
current during weld as caused by point of ignition 
on the voltage wave 


Curves A, B, and C are for welding-machine power factors 
of 0.25, 0.55, and 0.85 respectively 


steps beyond the natural power angle of the 
load. Since ‘“‘load’’ power factor influences the 
current-wave shape, and also its effective value, 
figures 7, 8, and 9 are shown, representing loads 
having power factors of 0.25, 0.55, and 0.85 respec- 
tively. In operating a purely resistive load the 
current loop, would, of course, assume the shape of 
the voltage wave following ignition. Such ten- 
dency may be noted on comparing figure 7 to figure 
9. The power factor of resistance-welding loads is 
usually low, and is governed far more by the welding- 
machine throat opening necessary to receive the 
particular work than by the work itself. The power 
factor of a large percentage of welding machines now 
in use is in the neighborhood of 0.25. However, 
machines for special work in which small throat 
opening is possible may involve power factors of 
0.50 or even 0.85. 

In figure 10 the effective value of delayed ignition 
current is shown as a percentage of maximum full- 
wave value as the point of ignition on the voltage 
wave is varied. Zero degrees represent zero line 
voltage. 

In similar manner, figure 11 shows the effective 
value of delayed ignition current, plotted, however, 
against the size of the current gap between current 
loops in degrees. 

Figure 12 indicates the comparative values of crest 
welding current as obtained by the ordinary tap- 
changing method and by the delayed-ignition method. 
Obviously, when the current loops are of shorter 
duration than 180 degrees their crest magnitude 
must be somewhat higher than that of a full sine 
wave delivering the same heat. It may be noted 
that at 25 per cent reduction in welding current 
(representing a 44 per cent reduction in actual weld- 
ing heat), the current crests are only 8 per cent 
higher with delayed ignition on a load with a power 
factor of 0.55 than if the current were reduced by 
tap changers. When the current is reduced to 50 
per cent (representing a reduction of 75 per cent in 
actual welding heat) the crest current value is corre- 
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spondingly 21 per cent higher than when the current 


is reduced by tap changers. 
Advantages offered by the new form of heat 
control for resistance welding may be enumerated 


as follows: 


1. Welding heat adjustment is made continuous as contrasted to 
step-by-step adjustment by tap changers. Continuous adjustment 
is becoming more and more desired in the newer precision welding, 
particularly of alloys and nonferrous metals, as is evidenced by the 
increased number of taps found on welding machines used for such 
work. 


2. Heat adjustments are easily made by a dial-type knob as con- 
trasted to the laborious shifting of heavy tap switches. The weld- 
ing heat may, in fact, be ‘“‘tuned in’ during a series of spot welds 
or during the course of a seam weld. 

3. The means for heat adjustment may be located to suit the 
operator’s convenience, or, if desired, may be padlocked against 
tampering. 

4, Electronic control of welding heat is readily adaptable to weld- 
ing at high production speed on variable-gauge structures. A large 
number of spot welds may be made in rapid succession, and yet 
certain spots, as desired, may be welded at increased or decreased 
welding heat. Either manual or cam-operated means may be em- 
ployed to alter heat settings between welds. In seam welding, heat 
may be changed to suit the structure during travel of the welding- 
electrode wheels. 


5. Automatic heat regulation, eliminating the effects of line-voltage 
variation, is made entirely feasible by the electronic ignition-delay 
means. Although preliminary work has been done on such regu- 
lating means, commercial apparatus has not yet been made available. 


6. Electronic heat control offers economies in apparatus cost, not 
‘yet fully evaluated, in the partial or complete elimination of tap- 
changing equipment. On the basis of complete elimination of tap 
changers by the addition of this ignition delay feature to electronic 
‘timing control, the cost of a separate tapped autotransformer for 
welding machines in the higher kilovolt-ampere ratings is saved, 
and the cost of added tapped primary turns (requiring a larger 
transformer) for the smaller machines is saved, in addition to elimi- 
nation of the multipoint tap-changing switches necessary in each 
case. Experience only will indicate the degree to which it will be 
advisable to extend this economy. 


Additional advantages, and possibly some dis- 
advantages, will be disclosed in the accumulation of 
experience with electronic delayed ignition. Al- 
though predictions might be made regarding certain 
possibilities, these are considered as yet too intangible 
to justify enumeration as advantages or disadvan- 
tages. Two points of difference in the 2 methods 
of heat control deserve consideration at this time, 
however. One of these is the higher crest input of 
welding heat attendant to ignition-delay current as 
compared to sine-wave current. While experience, 
to date, in welding with each of the 2 heat-adjust- 


oe Fig. 11. Curves 
R r showing the 
influence _ of 
size of gap be- 
tween current 
loops on the 
effective value 
of the loops 
Curves A, B, and 
C are for weld- 
ing -machine 
power factors of 
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Fig. 12. Curves 
showing the 
comparative 
values of crest 
welding  cur- 
rents as ob- 
tained by the 
tap - changing 
method and by 
the _ignition- 
delay method 


Curves A, B, and 
Care for ignition- 
delay method 
with welding- 
machine power 
factors of 0.25, 
0.55, and 0.85 
respectively 


RATIO OF IGNITION-DELAYED 
CURRENT CRESTS TO SINE- 
WAVE CURRENT CRESTS 
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ment methods has shown no marked difference : 
results obtained, further experience on a variety « 
gauges and metals may possibly show difference 
between, and corresponding relative merits of, tl 
2 methods. A second point of difference, and 
possible disadvantage of ignition-delay heat contro 
is that reduced heat by this method does not resu 
in as great a reduction in effective line current < 
when the heat is reduced in like amount by the tay 
changing method. When the effective value « 
secondary current is reduced from 100 per cent 1 
50 per cent by ignition delay (resulting in a weldir 
heat reduction to 25 per cent) the line or primar 
current will also be 50 per cent of maximum effectin 
value. On the contrary, a secondary-current redu: 
tion of 50 per cent by tap changers will result in 
line or primary current of only 25 per cent of tl 
maximum effective value. In the former case, hov 
ever, current is not flowing during the entire volta; 
cycle, the current gap occurring at or near the pes 
value of the voltage wave for loads of typical pow 
factors. The net effects on line voltage have n 
been evaluated. A harmonic analysis of lin 
voltage effects should readily yield information 
this point. 

It seems a reasonable conclusion, therefore, th: 
both the time duration and the magnitude of curre: 
flow as factors in resistance welding may be broug! 
to a degree of precision and flexibility in the 
control that was impossible before the advent | 
electronic devices. One of the most difficult of < 
factors in resistance welding, that is, timing, h 
already been subjected to precise control, as d 
scribed in an earlier paper introducing ignitre 
timers.’ These same tubes, through the methc 
described in the present paper, now may serve 
control accurately another difficult factor, that ; 
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current magnitude, or heat. It is only logical to 
suppose that this additional refinement will result 
in still further increase in the fields to which re- 
sistance welding will be applied. 


LOAD-CENTER OPERATION 


Delayed ignition in electronic control offers an 
additional feature, not associated primarily with 
heat control, but with improved performance in 
load-center seam welding. The proposition of load- 
center operation is considered most practicable where 
production requirements demand 2 or more similar 
seam-welding machines operating on similar work. 
In this case, one high-capacity ignitron timing- 
control unit may be employed energizing a bus, 
common to all machines, with interrupted power. 
Each machine may then be connected to this bus at 
will by means of an ordinary magnetic contactor. 
If adjustments in welding heat are desired at the 
individual welding machines, such adjustment may 
be accomplished by tap changers. The welding 
heat of all machines in common may be adjusted by 
suitable ignition delay at the common control unit. 

However, for practical reasons, a slight amount of 
ignition delay is desirable in load-center operation, 
at all times, as a preventative against possible mag- 
netic saturation of the welding-machine trans- 
formers. ‘This follows from the fact that should the 
connected seam-welding load be energized by the 
tubes at each weld prior to the natural power 
angle of the load, that is, prior to the point of natural 
zero current on the voltage wave, abnormally large 
initial-current loops will be delivered at each weld. 
These transients or d-c components are cumulative 
and may result in transformer saturation on any 
welding duty in which each individual weld begins 
at the same polarity of line voltage. Slight ignition 
delay will, therefore, insure the absence of such 
transients in spite of variations in power factor of 
the connected welding load as caused by connecting 
and disconnecting machines of slight variance in 
power factor. 

The safety factor thus provided by a small amount 
of ignition delay coupled with the seam-welding 
control units which are now available for handling 
line currents of several thousand amperes justifies 
very serious consideration of large load-center in- 
stallations whenever production requirements de- 
mand batteries of seam-welding machines producing 
a given article. 


Appendix 


Operation of the ignitron seam-welding control circuit shown in 
figure 4 is, in detail, as follows: 

The control principle of igniter-type tubes A has been described 
in the previous text. Control of the hot-cathode gaseous-discharge 
tubes B is effected by holding the grids negative with respect to 
the cathode for nonconduction, and positive for conduction. Pro- 
vided, then, that the anode is at positive potential and the grid, 
also, is made positive, the tube will almost instantly ionize and 
conduct current at 15 volts are drop. 

Two tubes B are series connected in each ignitron ignition circuit 
and both, therefore, must be energized before the igniter-type tube 
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can “‘fire.’”’ The 2 tubes B are respectively controlled by the induc- 
tive timer previously described and designated as components 
C, D, E, and F in figure 4, and the welding-heat control circuit 
containing elements G, H, J, J, K, and R in figure 4. 

The function of the inductive timer is to control the welding 
current in cycles ‘‘on” and cycles “‘off.’’ This it does by delivering 
a positive voltage pulse to the grids of the lower of tubes B as each 
timing pin (plugged into disk D) passes through the gap of magnet 
C. This occurs for each half-cycle, whether positive or negative 
for which welding current is desired. 

The function of the welding-heat control circuit is to control 
accurately the point of fire of the igniter-type tube on the voltage 
wave and thereby the magnitude of the welding-current loop. To 
accomplish this an alternating voltage of controllable lagging phase 
is delivered to the grids of upper tubes B. It is apparent that the 
grids of these tubes will first assume positive potential at that angle 
on the line-voltage wave to which the control voltage is out of phase. 
This form of grid control applied to gaseous tubes is known as 
“‘phase-shift control’”’ and is commonly applied to rectifiers for 
variation of d-c output. A second circuit function of the heat- 
control circuit is to provide a slight, although also controllable, 
phase differential in the voltage delivered to the 2 grid transformers 
J and K. The purpose of this feature is to provide compensation 
for perfect ‘balance’ (absence of any d-c component in the welding 
current) between the 2 ignitrons which may differ slightly in arc 
drop. 

The phase-lagged voltage of the heat control circuit is obtained 
from midtap of the supply transformer and slider of heat-control 
potentiometer H. Current flowing through reactor G and resistor 
R, series connected across the supply transformer, furnishes quad- 
rature voltages to the respective halves of midtapped potenti- 
ometer H. It is apparent that the phase-lagged voltage of this 
circuit may be varied from 0 to 180 degrees lag depending at which 
end of potentiometer H the slider is set. With the slider at mid 
position on H, the control voltage will lag 90 degrees since the re- 
actance ohms of G equal the resistance ohms of R. 

When the slider of ‘‘balance’’ potentiometer J is at mid position, 
grid transformers J and K deliver to the grids of respectively 
controlled tubes B, voltages exactly 180 degrees apart in phase as 
also are the anode voltages of these tubes. When, however, the 
slider of J is at the J end of the potentiometer, transformer J will 
be supplied directly while the entire resistance of J will be contained 
in the supply of primary voltage to K. Transformer K, as well as 
J, is designed to demand sinusoidal magnetizing current which 
current, in flowing through 7, must somewhat lag the voltage actu- 
ally supplied to K with respect to that of J. In this manner, the 
output voltage of transformer K can be made either to lag or lead 
that of J and hence either igniter-type tube may be delayed with 
respect to its companion tube, compensating for possible slightly 
lower are drop or a few degrees more prompt ignition. 

In practice the d-c type zero-center galvanometer M is 
used to denote presence of any d-c component in the alternating 
load current flowing in shunt Z. Through ‘‘balance’”’ potentiometer 
I this d-c component is then “tuned”’ out. 

Conditions necessary to firing of an igniter-type tube are there- 
fore, first, that the anode is momentarily of positive potential with 
respect to the mercury pool cathode; second, that the inductive 
timer has supplied positive potential to the grid of the lower tube 
B; third, that the heat-control circuit has applied positive potential 
to the grid of upper tube B; and fourth, that the control relay is 
closed. With these 4 conditions satisfied, ignition current will 
flow from igniter to pool, in the particular tube, whereupon it will 
fire and pass line current to the welding machine. In so doing, the 
low arc drop of the tube will be insufficient to force further un- 
needed ignition current through tubes B and the igniter. Once 
fired, the tube will carry current to the end of the current loop. 

In practice, the angular position of magnet C is so set in relation 
to the timing disk as to deliver positive voltage to the lower tube 
B well in advance of the electrical angle at which the heat-control 
circuit, at full output, will energize the upper tubes B. Lower tube 
B, at passage of a timing pin, is ionized, and so remains until the 
series tube is ionized, being supplied meanwhile by subignition cur- 
rent through the resistor connected in shunt to the upper tube B. 
This latter tube is eventually also energized by the heat-control 
circuit when ignition of the particular ignitron actually occurs. 

Control relay N establishes the 2 ignition circuits which there- 
after respond to the timing in cycles ‘‘on’’ and “‘off”’ as preset by 
the pin arrangement of the timing disk and to the “heat’’ setting 
as preset by potentiometer H. 
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Negative-Sequence Reactance 
of Synchronous Machines 


A theoretical analysis of the method pro- 
posed by the AIEE committee on elec- 
trical machinery for measuring the negative- 
sequence reactance of synchronous ma- 
chines is presented in this paper. The 
analysis proves that the method leads to a 
correct measurement of the negative- 
sequence reactance for the operating con- 
dition most frequently met in applying 
the method of symmetrical components, but 
that the method of measurement does not 
determine the correct negative-sequence 
reactance of the machine for the operating 
conditions used in the proposed AIEE 
test. The results of experimental tests are 
given to verify the theory presented. 


O... of the characteristic coefficients 
employed in the theory of symmetrical components 
that has proved very useful in calculating unbalanced 
currents arising from short circuits is the negative- 
sequence reactance, usually represented by x. 
The AIEE committee on electrical machinery has 
proposed a test procedure’ for measuring the nega- 
tive-sequence reactance of synchronous machines. 
This method of measurement is open to question, 
however, since it is valid only for sine-wave voltages 
and currents, and the voltage and current in the 
machine under the conditions of measurement are 
not sinusoidal. 

_Doherty and Nickle*® have shown that the short- 
circuit current and the open-phase voltage of a syn- 
chronous machine operating with a single-phase short 
circuit in steady state may contain all odd harmonics 
and that the magnitudes of these harmonics are in a 
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known geometric ratio in ascending order. Since 
a-c instruments indicate the effect of all harmonics 
present in the measured quantities, the measure- 
ments made under the condition referred to, which 
is employed in the AIEE method, might be incorrect 
and thus introduce an error into the determination of 
negative-sequence reactance. The purpose of this 
paper is to analyze the proposed AIEE method, 
show precisely what is measured by means of such 
a method, and to suggest a rational procedure in 
determining the quantity x». 


SUMMARY AND CONCLUSIONS 


The experimental tests are shown to verify in 
detail the theory presented. The theory can be 
accepted as correct then, and the following conclu- 
sions drawn: 


1. The AIEE method actually measures a reactance !/2(xa” + xg") 
the arithmetic mean of the subtransient reactances. This is the 
correct value of x2 for the machine when it is operating with a rela 
tively large external reactance—the condition most commonly me 
in the practical application of the method of symmetrical com. 
ponents. 


25 she AIEE method does not, however, give the correct x2 for 
the operating condition used, that is, a single-phase line-to-line 


short circuit, for which x. = Vxq"xq" 


Some he correct X2 for the single-phase line-to-line short circuit may 
be obtained from the value of x. measured in accordance with th 
AIEE method, 


” wu" igs. Bs b? 
V x4 xq. = 1 + 5? 


A paper recommended for publication by the AIEE committee on electrica 
machinery. Manuscript submitted September 21, 1936; released for publicatioy 
November 2, 1936. 


- x2 (AIEE) 


The material in this paper was presented as a dissertation for the degree o 
doctor of engineering at Yale University. The author wishes to acknowledg 
the suggestions of R. E. Doherty, formerly dean of engineering at Yale University 


1, For all numbered references, see list at end of paper. 
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where 

Be V/ x0" Vx" 

4. If the fundamental components of the quantities measured by 
means of the AIEE method are used, a correct value of x2, namely 


a/ xd"%q", is determined for that operating condition. 


5. The AIEE method is strictly correct when the subtransient 
reactance is the same for any position of the poles. This condition 
may be approached in a salient-pole machine having a complete 
squirrel-cage winding of low resistance, for which xg” is approxi- 
mately equal to xg” and b is approximately equal to zero. 


6. It is recommended that xg” and xg” be measured and x: be 
calculated for the case at hand, from the equations given by Park 
and Robertson.® If xg” and the AIEE x, are known, xq” is deter- 
mined, since x, (AIEE) = 1/,(xa” + xg"). 


THE NATURE OF NEGATIVE-SEQUENCE REACTANCE 


For circuits with constant parameters, such as 
ordinary coils and transmission lines, a linear current- 
voltage relation that defines the negative-sequence 
reactance of the circuit exists; that is, negative- 
sequence reactance consumes negative-sequence re- 
active voltage when negative-sequence current flows. 
In synchronous machinery, certain circuit pa- 
rameters, namely, reactances that vary with the pole 
position, are not constant and the definition of 
negative-sequence reactance is much more complex. 

The AIEE standards,* which agree with the 


Wagner and Evans text,‘ define the negative-se=- 


quence reactance of a synchronous machine as ‘‘the 
ratio of the fundamental component of reactive 
voltage, due to the fundamental negative-sequence 
component of armature current, to this component 
of armature current at rated frequency.” 

Park and Robertson® have shown that the value 
of the negative-sequence reactance of a synchronous 
machine, in terms of the direct- and quadrature-axis 
reactances, depends on the external circuit. They 
give values of x, as follows: 

When a short circuit occurs at the machine ter- 
tMinals 


4 = V xa"xq (1) 


When sinusoidal negative-sequence voltage is 
maintained at the machine terminals 


2xg"%q" 
a" + xq" 


2) — 


(2) 


When the machine is operated with a relatively 
large external reactance in series with the armature 


X= 1/,(xg"” + xq”) (3) 
where 


xq” is the 3-phase subtransient reactance, direct axis. 
xq” is the 3-phase subtransient reactance, quadrature axis. 


The AIEE definition of x, implies that fundamental 
negative-sequence current is circulated in the ma- 
chine, which would represent a special operating 
condition obtained by connecting a large external 
reactance in series with the armature circuit. For 
this case x2. = '/2(xa” + x,”). On the contrary, the 
AIEE method of measuring x, is based on the theory 
of symmetrical components, not on the AIFE defini- 
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Fig. 1. Diagram 
of circuit used for 
measuring sus- 
tained armature 
current and_ short- 
circuit line volt- 
ages as required 
by the AIEE 
method of deter- 
mining negative- 
sequence reactance 


tion of x.. It so happens, as demonstrated, that the 
AIEE method actually measures the correct x, for 
the condition (large external reactance) specified by 
the definition, that is, 1/.(xz” + x,”), although it does 
not measure the correct x, for the operating condi- 
tion actually used in the AIEE test; for this, 
Xo = 1 lx4" %q". 

It must be recognized that no single value of x2 
will suffice for all operating conditions. It is shown 
later that if either xg” and x,”, or xz” and the 
AIEE x, are known, the correct x, can be calculated 
by means of the Park and Robertson expressions for 
the case at hand. 


AIEE METHOD OF MEASURING NEGATIVE-SEQUENCE 
REACTANCE OF A SYNCHRONOUS MACHINE 


The AIEE committee on electrical machinery has 
proposed the following method! to measure the 
negative-sequence reactance of a synchronous ma- 
chine. With the machine driven at rated speed and 
a single-phase line-to-line short circuit applied, the 
sustained armature current and the potential be- 
tween the open line and either short-circuited line 
are measured (see figure 1). At the same time, the 
reading of a single-phase wattmeter, of which the 
current coil is connected in series with the short 
circuit and the potential coil is excited by the open- 
to-short-circuit line voltage, is obtained. 

From these measurements x. can be calculated 
from the expression 


Wate Fab : bWab 
= EN Cig aay e 


In proposing this method the committee has 
recognized that harmonics might introduce errors 
into the measurement. Since the real effect of the 
harmonics was not known, the committee simply 
suggested that oscillograms be taken in special 
cases, although it does not indicate how the oscillo- 
grams are to be used. 


(4) 


ANALYSIS OF THE AIEE METHOD 
BY MEANS OF SYNCHRONOUS-MACHINE THEORY 


Expressions can be derived from fundamental 
synchronous machine theory for all the quantities 
measured in the AIEE method. If these equations, 
which account for all harmonics, are substituted in 
equation 4, the quantity actually measured by this 
method may be found. In this way the effect of 
the harmonics upon the measurement is determined. 
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Fig. 2. Curve 
showing the vari- 
ation with b of the 

1+ b? 


function eG: 


For a single-phase line-to-line short circuit the 
sustained armature current is given by Doherty and 
Nickle? as 


v/3e0 
xq ab VS xarng" 


where 


Val = Va 


MV iq + Va" 
The effective value of this current is given as 
V3Eo 1 


tai WV xa" . 4/1 = 3! 


An expression for the voltage between the open- 
and short-circuited lines can be found by applying 
the constant linkage theorem® to the generalized 
armature linkage expressions’ for this short circuit. 
From equation A13 of appendix I, 


a (cos 6 + b cos 36 + b? cos 56 +...) (5) 


(see appendix II) 


I= (6) 


B3eoW xa"xq” 
Sd te 4/ xg"Xq" 


The effective value of the voltage represented by 
equation 7 is (from appendix I) 


3EvV xa tdi 


Xd + A Jee 


The wattmeter reading ,W.». will indicate the 
average product of the current (equation 5) and the 
voltage (equation 7). From appendix I, 
hc ee ee (9) 

(xa + Vxa"xq’)? (1 — b%)? 

Equations 5, 7, and 9, derived in appendix I, are 

subject to certain assumptions, namely: 


(cos 6 + 3b cos 36 + 5b? cos 50+...) (7) 


lab = 


1 + 6b2 + b! 


Eq = al ie b2)8 


(8) 


1. Negligible saturation. This is, of course, not true practically; 
however, reactances can be defined precisely only for the un- 
saturated case. Since this paper deals only with reactances the 
assumptiqn is a valid one. 


2. The open-circuit voltage is a sine wave. This is practically 
true in many present-day alternators as there are numerous schemes 
used to effect it, such as pitching, distributing, and connecting the 
armature phases in star. 


3. The machine is constructed symmetrically, that is, the armature 
phases are identical in all respects; each pole possesses symmetry 
about its axis and all poles are identical in shape and winding. 


4. The machine has no electrical resistance. This refers to the 
armature and field winding resistance and to the resistance of any 
additional rotor circuits such as amortisseur windings, field collars, 
and eddy-current paths. 
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In order to simplify the problem, a symmetrical 
machine with unsaturated reactances and zero re- 
sistance is considered. 

The AIEKE expression for x, (equation 4) must be 
valid regardless of the resistance of the machine and 
therefore is valid for the special case of zero resist- 
ance. The fundamental equations 6, 8, and 9 can 
be substituted in the AIEE expression (equation 4): 


BV BEI xa"tg” 1 +2? 
(xg +1 / xq"%q")? (1 — b?)? 
ee jae 

xa + WV xa"xq” are 
which reduces to 


1 = 6 
WV xa"%q" 


1— }? 

It has been shown by equation 1 that the correct 
x. for the AIEE operating case is Vxg"%q. AC 
cordingly, the term (1 + 67)/(1 — 0?) in equation 10 is 
a measure of the error introduced into the AIEF 
method by the harmonics in the measured quantities. 
The AIEE method, then, does not measure the 
correct x. for the operating condition actually em- 
ployed by the method, that is, VS xq" %q" 

The reactance actually measured in the laboratory 
can be predicted from the values of subtransient 
reactance, for 


x = 


(10) 


x. = 


1+ 0 
are (11) 
A curve of (1 + 6?)/(1 — 6?) can be plotted for all 
values of 0, and from this curve (1 + 06?)/(1 — 6?) 
can be found once } is known for any machine (see 
figure 2). 

If the expression for b in terms of the subtransient 
reactances 


x2 (AIEE) = WV xa" q" ; 


he V xq" — V xa" 
V xq" + WV xa" 


is substituted in equation 10, 
x2 = VWo(xg" + xq”) (12) 

Thus the AIEE method actually measures the 
arithmetic. mean of the subtransient reactances, 
which, as already indicated, is the correct value of 
x2 for operation with a arge external reactance in 
the armature circuit. 

Short circuits occurring at the machine terminals 
can be calculated directly by the Doherty and Nickle 
equations. On the contrary, the method of sym- 
metrical components is most commonly used in 
practice for the solution of power-system short cir- 
cuits. In these cases, the short circuits would occur 
with a large external reactance in series with the 
machine, and the correct x, would be !/2(xe” + xq”). 
The AIEE method (see equation 12) measures the 
arithmetic mean of the subtransient reactances, and 
thus would give the correct x, for the most common 
use of the method of symmetrical components. 

If it is desired to use the method of symmetrical 
components for other cases than for which x. = 
/y(xa" + xq"), the proper x, must be calculated from 
the equations given by Park and Robertson.® 

In suggesting that oscillograms be taken in con- 
nection with the measurements by the AIEE 
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Table I—Reactance Measurements and Calculations 


1 2 3 4 5 6 7 8 9 10 
Xa" +xq" x2 V xa" %q" l+b xo (AIEE) x, Fundamental 
2 (AIEE) in as Corrected Components 
Machine b «q”in Ohms x,” in Ohms in Ohms in Ohms Ohms in Ohms in Ohms 
ORO 16.4 acioreas UB TES oo iolicne IPA) opaeeub AES Aopocick 6 UUM acic noe CP eee 0) L GO eretere eta NA Saas ee 4.33 
OY <6 nan Bc MOO Meteitnepietete LO: 4 Sears. sie DESO elistes) </= chet G06) rier Bi O Secale Uy Arie neponnccc rijsle} Oa Penh 4.18 
WPA 3 cs Farigesc 34 Satetarsteinevers Cee! oonaadnon HARD) ceidiors cob 2300 so eetorerterte DEBE Sacer asa ots Lil 8 ov tectacemns 2B 2p gone 2.37 
O10 Gareitss cae WOOP Ue oon sandae 13.06. es sens (Uke Sagas oo US? Oa stetertee INDIR ars Go aaioe 1-005. enee ey a oper om 11.9 
CY ae OLOUmaersts « <vere TPAC Acconci EP y 5 ogegasc WP Ba seiie ons UGH boas dane 2S OS weeteneteratst aur s 1.00 Aer are TSO Dares wees 12.8 
SO RUKOY. 2, See JeS Simteta tre tee: IRCY6 woop amo < ey Goes. 6 LISD yet ake 1 ere ka tone LOO) erent PRU rn td Oe 14.2 
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WSIS. BOR aera PREY Tie oo clog BST): S aio mmea a co GiSOi ss « nereriecels CHAVIS reerwr.apisi= 6 AOS crestor sas W68. ncocre 1250 op 20,0 eee es 4.28 
2 ES See eae te OBE hs omega oe IOS Warereretnerte 2 Seger ers EOD. eta sateaiene DO 2 ieontorre eee WA ci tevarevate atte AL eaten wecetian 1 Ae ey ec 1.75 
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44—With amortisseur winding 4B—Without amortisseur winding 


method, the committee has implied that the oscillo- 
grams be analyzed for the fundamental components 
of the measured voltage and current and that these 
components be used in the reactance calculations. 

If the fundamental terms are taken from equations 
5, 7, and 9 and substituted in equation 4, x. becomes 


BLoV xa"Xq i 


BV 3 Ee xa" q” 


ge + WV xa"xq" (xa + WV xa"xg")? (13) 
. '=3!"= 55 Sea 7 E Mes 
Ny BBs A/8 ey BE aad 
wat V aig. = Nd 1 V Xda) id a we xd"Xq” 


= Vxa"xq" 

Since the correct value of x, for the single-phase 
line-to-line short circuit is Vxz"%,", this method 
would determine the correct x. for the conditions of 
the test but not the same x. as would be found from 
the meter readings. 

In a machine having xg” = x,”, b would be zero 
and the armature current and the open-line voltage 
with a sustained single-phase short circuit applied 
would be sinusoidal. In such a case the measure- 
ment of x. by the ATEE method would be strictly 
correct and the equations of Park and Robertson 
would reduce to 


EXPERIMENTAL CONFIRMATION 
OF THE THEORETICAL RESULTS 


Experimental tests were made to verify the theory 
presented. These tests show by actual measure- 
ment that: 

1. The AIEE method determines the arithmetic mean of x¢” and 
XQ”. 
2. As measured by the AIEE method, x, can be corrected to 


ae 2 
a/xa"%q" with the factor ; ar _ 


a '4/. xq"Xg" is the correct value of x, for the single-phase line-to- 
line short circuit on the machine. 


In satisfying these conditions, 2 types of tests 
were made: first, measurements of machine re- 
actances; second, measurements of short-circuit 
currents and open-line voltages for a single-phase 
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line-to-line short circuit. In order to gain a fair rep- 
resentation of practical conditions, the tests were 
made on a variety of machines. These were: 


Machine 1. Westinghouse wound roter induction motor rated at 
10 horsepower, 220 volts, 60 cycles, 1,200 rpm, 38 phase. 


Machine 2. General Electric synchronous motor, rated at 15 kva, 
220 volts, 60 cycles, 3 phase, 1,800 rpm, with a pole face amortisseur 
winding. 


Machine 3. General Electric synchronous motor rated at 9 kva, 
220 volts, 60 cycles, 3 phase, 1,800 rpm, with a complete amortisseur 
winding. 

Machine 4. General Electric synchronous motor rated at 125. 
horsepower, 440 volts, 60 cycles, 3 phase, 900 rpm, used with and 
without an amortisseur winding. 


Machine 1 had a 3-phase winding on the rotor and 
a 2-phase winding on the stator. The 3-phase 
winding was used as armature and the 2-phase 
winding as field, giving in effect a field winding on 
both the direct and quadrature axes. When the 
direct-axis field was excited with the quadrature- 
axis field open-circuited, x,” was greater than x,” 
and 6 was about 0.5. With the direct-axis field 
excited and the quadrature-axis field short-circuited 
Xa” was equal to x,” and b was equal to zero. When 
the direct-axis field was excited through a large 
reactance and the quadrature-axis field was short- 
circuited, xz” was greater than x,” and 6 was about 
—0.5. The value of 6 could be adjusted to any 
value from +0.5 to —0.5 by properly connecting 
the field windings and the external reactance. This 
machine could thus be given electrical characteristics 
equivalent to many machines; in this case 9 sets 
were used. 

Reactance Measurements. The subtransient re- 
actances were measured in each case by the static 
method.® The negative-sequence reactances were 
measured and calculated in each case by the AIEE 
method. The measured values of reactance for 
each case are listed in table I. 

From the measured data certain combinations of 
the subtransient reactances were calculated: first, 
the arithmetic mean of xg” and x,”; second, the 


geometric mean Nira 53 and third, the value of 


oy a 7 2 

b= ay Vea” The correction factor Les 
V %q" ails Vx4" 12 
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Table I—Armature Current and Open-Line Voltage for Sustained Single-Phase Line-to-Line Short Circuits 


1 2 3 4 5 6 


7 8 9 10 11 12 13 
Ip Total V 
Current J; in Amperes Total Vi in Volts 
x1 J Xd" Xq” x2 (AIEE) V3 Eq Measured Calculated Measured Open Calculated Measured 
in in in in in x2 Line Xt 
Machine Ohms Ohms Ohms Volts Amperes V xa" %q" (AIEE) Voltage V xq"xq” (AIEE) 
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Values of b can be found in table I 4A—With amortisseur winding 


found from figure 2 for the proper value of 0, was 
then applied to the value of x2, obtained by the 
AIEE measurements, to give the expression Vxa"%q"; 
that is, calculations were made according to the 
equation Wxq"%Xq" = x, (AIEE) (1 — 0?)/(1 + 0°). 

The measured and calculated values of reactance 
for the various machines are listed in table I. In 
column 10 of table I are listed the values of x» 
determined from the fundamental components of the 
quantities measured in the AIEE method; the data 
for this calculation may be found in the appropriate 
columns of table II. 

It can readily be noted that the results listed in 
column 5 of table I, values of 1/2(%@” + x,”), check 
closely with those in column 6, values of x, (AIEE). 
This comparison shows that the AIEE method 
actually measures a reactance !/,(x4” + x,”), as was 
indicated in the theoretical analysis, equation 12. 
The average discrepancy in this comparison is less 
than 2 per cent. 

Column 9 of table I which represents each meas- 
urement of x, made by the AIEE method divided by 
(1 + 6?)/(1 — 6’), compares closely with column 7, 
calculations of Vxz"x,".__ This comparison verifies 
again the correctness of the theory presented (see 
equation 10) and presents a simple means of correcting 
the AIEE x, to values of Vx4"x,", should they be 
desired. 

Column 10 of table I shows values of x, calculated 
from the fundamental components of the voltage 
and current measured in the AIEE method. The 
comparison of column 10 to column 7 verifies the 
theory presented in equation 13 and indicates a 
means of determining directly the correct value of x, 
for the operating case used in the AIEE method, 
that is, x, = Vxg"x,". The average discrepancy 
in this comparison is 4 per cent; this larger dis- 
crepancy is partly explained by the fact that the 
values in column 10 were calculated from oscillo- 
grams that could be analyzed within only 5 per cent. 

Short Circuit Currents and Open Line Voltages. 
The second phase of the experimental tests was the 
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4B—Without amortisseur winding 


actual measurement of short-circuit current and 
open-line voltages. These tests were made to 
verify the theoretical analysis in a slightly different 
manner. 

Measurements were made of the sustained short- 
circuit current and the open-line voltage, with the 
machine operating with a single-phase line-to-line 
short circuit (see figure 1). Oscillograms, as well 
as meter readings, were taken of the voltage and 
current. The oscillograms were analyzed for their 
fundamental components by Fourier’s method. All 
these measurements are listed in table II. 

The fundamental component of armature current 
and the fundamental component of the open-line 
voltage were calculated for each case by means of the 
theory of symmetrical components. The expres- 
sions used‘ for the special case of zero resistance were 


1, - V3E 

AB a> ta 
and 

* 3x2Eo 

’ OBL aie Ae 


The calculations were made using 2 values of x, as 
calculated from Vx,4"%,", and as measured by the 
AIEE method. In order to simplify the analysis all 
these calculations were made for the case of zerc 
resistance. 

Table II lists for the various tests the measured 
and calculated values of short-circuit current and 
open-line voltage and their fundamental components. 

Referring to table II, it will be noted that columr 
7, calculated values using x. = Vxg"x_", check: 
column 9, the measured values; column 8, calcu: 
lated using the AIEE x2, does not, except for the 
case when 0 is equal to zero. When 6 is equal t 
zero, the 2 values of x, become equal and all 
columns agree. In a similar manner, the measurec 
and calculated values of open-line voltage agree 
column 11, values of open-line voltage calculatec 
using %. = Vxqa"x,", agrees with the measurec 
values in column 13; column 10, values calculatec 
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using x(AITEE), does not, except when 6 equals zero. 

The comparison of these test and calculated values 
(table II) indicates that the correct x. for a single- 
phase line-to-line short circuit occurring directly at 


the machine terminals is Wx,"x,". Thus, for the 
operating condition used by the AIEE method, 


experiment shows that x. = Vxq"x,”, as given by 
Park and Robertson.® From this it can be deduced 
that the AIEE method does not measure the correct 
xo for the operating case used. 

Assumptions and Errors in Measurements. All the 
test measurements were made at reduced voltages in 
order to eliminate the effect of saturation. The 
voltage and current readings were plotted and the 
impedance corresponding to the straight portion of 
the saturation curve was calculated. In this way, 
the assumption of no saturation was fulfilled. 

On the machines tested, the no-load voltage wave, 
except for tooth harmonics, was close to a sine wave. 

Naturally the machine circuits contained resis- 
tance, but by employing a wattmeter with each re- 
actance measurement the true reactive component of 
the impedance was obtained. Thus, in checking the 
theory presented, the assumption of zero resistance 
was duly recognized. The resistance was neglected 
in the calculation of the actual single-phase short 
circuits (table II). In the machines tested, the 
resistance was never more than 20 per cent of the 
corresponding reactance and thus neglecting the 
resistance would introduce only a 2 per cent error in 
the calculation of impedance and current. 

In some cases duplications of the reactance meas- 
urements were made after an interval. The meas- 
ured data could be reproduced to within 2 or 3 per 
cent, which is slightly greater than the discrepancy 
noted in the comparison of results. In other words, 
the comparisons are well within the accuracy to be 
expected in laboratory measurements of these quan- 
tities. 


Appendix I—Derivation of the Equations From 
Fundamental Theory of Synchronous Machines 


GENERALIZED ARMATURE-LINKAGE EXPRESSIONS 


The generalized armature linkage expressions for an ideal 3-phase 
synchronous machine as given by Park,’ are: 


ee 
——" ig - 


tptte lg—lq 
va = , 3 —sS 


ti ie [ig cos 26’ + 
ip cos (20’ — 120°) + 4, cos (20’ + 120°)} + 


: lta + in + ic] + Malacos 6’ — MgIqsin 0’ 


l i } lg —_lq.. 
vo = ba ats ‘[a- 22*]4 = 4 lie X 


3 
cos (26’ — 120°) + zy cos (26’ + 120°) + t,cos 26’] + 


: feet tp4hicl-+ Melacos(@’— 120°) = MIeain(@’— 120°) 
aL eee |. lacks me 
a 
cos (26’ + 120°) + ip cos 26’ + 7¢ cos (20’ — 120°)] +- 
2 lig-tie-tic] + Malacos(6’+120°)— Mglgsin(6’-+120°) 


(Al) 


vo = 
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where 6’ is the angular position of the direct axis referred to the axis 
of phase a. 

These equations represent the instantaneous flux linkages in the 
respective phase windings with any currents flowing in the arma- 
ture. The ideal synchronous machine, to which these equations 
apply, is characterized by the assumptions discussed in the body of 
the paper. 


SINGLE-PHASE LINE-TO-LINE SHORT CIRCUIT 


The AIEE method of measuring x2 specifies a sustained single- 
phase line-to-line short circuit on the machine. For this condition 
of operation (see figure 3): 


Gn = 

1b = —ig =1 

Io = field current before short circuit, corresponding to 
nominal voltage é 


(A2) 


At the instant after the short circuit occurs, the armature current 
is given by Doherty and Nickle as 


—-V3 
a WS ge eon epee c) ee (A3) 
Xa" + V xca"%q" 
where 
Vig = Via" 
b a a —— 
VS xq" aa VS xa" 


and @ is the angular position of the rotor with respect to the axis of 
the 2 short-circuited phases. This expression does not include the 


Fig. 3. Diagram- 
matic representa- 
tion of a syn- 
chronous machine 
undergoing a sin- 
gle-phase line-to- 
line short circuit 


effect of any initially trapped linkages which would eventually die 
out and in which there is no interest in this analysis. 

Doherty and Nickle have shown that as steady state is reached 
the short-circuit armature current decreases in the same ratio as 
the field current, which increases at short circuit in the ratio 


Xd die N/ 164%" 
uw ee 
xq’ si. WV xa"Xq 
The steady-state armature current becomes 
. = V3 €o 
ts. —— [cos 6+ bcos 3@ + b? cos 564+... AS 
Xd +V xa"xq" | cog) 


The effective value of zs in equation A5 can be calculated, for it 
is known that for a harmonic series of currents? 


1 ik Beh eed 
lett = FV Tm + Dam + Tam 
Therefore 


V3 €o 

i ————— 1 b2 + 644 6§+...= 
V2(xa + WV xa"%q”) Re 

V3 Eo 1 


x4 + V xa"xg” V1 — db 


(A6) 
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OpEN LINE VOLTAGE 

The open line voltage esa can be found from the linkages Poa 
by Faraday’s law 
(A7) 
in which Woa represents the linkages included in phases a and 6b and 
can be expressed as 


Yoa = Ya — Yd 


Substituting the current relations of equation A2 in the linkage 
expressions Al, 


het dl 1 ” 


(A8) 


v= ni [i cos (20’ — 120°) — icos (20’ + 120°)] + 
Maly cos 6’ 
and 
u l ” 381 1 ” = ff ” 
;= la + = le g ‘ 1 [i cos (26’ + 120°) — icos 6’) + 


Malo cos (6’ — 120°) 


The subtransient inductances are used here to account for the 
induced currents in all the rotor circuits. 
Subtracting the expression for ¥p from that for wa, 


; (lq” ab it) 


Yoo = —1 - —t (lg” — 1g”) cos (26’ + 120°) + 


/3 Malo sin (6’ + 120°) (A9) 


This equation must be transformed to the same reference axis 
used in equation A3; that is, the axis of phases b and ¢ in series 
carrying the same current. The transformation is: 


= 6+ 90° 


where @ is the pole position referred to the axis of b and c¢ in series 


and 6’ is the pole position referred to the axis of phase a. Then 
the expression for Wa becomes 
a" th") 
Yoo = —i “eee + a(lg” — Iq") cos (20 + 120°) + 
V/3Malocos (6 + 120°) (A10) 


where 7 represents the current given in equation A3. 

If the current given by equation A3 is substituted for z in equa- 
tion A10 and account is taken of the change in field current given 
by A4, the linkage expression becomes 


Deh aL Ig” V3 eo 
Yoas = oe err A iS = Ee 6+ bcos30 + 
b?cos 50+...) ++/3Mal : xa" + Via" cos (6 + 120°) + 
xa + V xa" %q : 
1a” —1q" re V/3 eo 
4 Xd + V xa"xXq" 
+ b) cos 6 + (1 + 6?) cos36 + B(1 + b?)cos56+ ...] 
[V/3(1 — 6) sin 6 + 1/3(1—b2) sin 36 + +/30(1 — 52) sin 50+...] 


(A11) 


The voltage esa can be found from the linkages Wpa by differen- 
tiating with respect to time, since @ = wt + a. Differentiating 
equation All and collecting similar terms, 


a = — 5 +8) fous +-V'x0"s a aie [cos 86 + 
ta + V xa"%Xq" 


3b cos 30 + 5b?cos 50 +.. .] 


(A12) 


This equation can be simplified by employing the definition of 5 
in terms of reactance, that is 


Vig = Va 
V xq" + V xa" 


b= 
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3¢0/ x4"xq" 
wa + WV xa"xq” 


Equation A13 is an expression for the voltage between lines a a 
b when the machine is operated with a sustained single-phase shc 
circuit between lines b and c, with the assumption of zero resistan 
in the machine. 

The effective value of eda is 


38Eo V xa” xq” 


(cos 6 + 3b cos 36 + 5b?cos 50+...) (Al 


€ba = 


Eoa = 9b2 + 25b4 + 49b6 + . (Al 
a MV. AO =V/1 ae 
If the series is summed, equation A14 reduces to 
EoV xa"Xq 4! + 6b? + b4 
Eta = Bt b2)3 (Al 
xg +t ee <q lee) 


WATTMETER INDICATION 


The wattmeter used in the AIEE method is excited with ti 
open-line voltage eba and the short-circuit current 7. Its indic 
tion, »Wba, is the average product of the instantaneous values 
€ba and ip: 


w 
1 ; 
Bea = fe 4p dO 
v 
0 


From equation A5, 
o/3 eo 
Sa + V/. x¢q"Xq" 
and from equation A138, 
Be0V xa"Xq" 


ta + V xq" xg" 


y = [cos 6+ bcos 36 + b? cos 50+ ...] 


ba = 


[cos 6 + 3b cos 30 + 5b? cos 56+ ...] 


Power is produced only by current and voltage of the same fr 
quency; therefore, 
pi = A cos? 6 
po = 30°A cos? 36 


bs = 504A cos? 56 
where 
Pie 3/3 eo WV vca"%q” 


(xg 44 /xq"%q")? 


The total average power is 


A 
bWea = — f cos? 6 + 3b? cos? 30 + 5b4 cos? 50 +... .]d0 (Al 
us 


but 
vis 
J costa ce — 
2 
0 
Ww 
239d0 = — 
cos = 2 
0 . 
8 
25000 = — 
cos = 
2 
0 


then equation A16 reduces to 
bWoa = All + 3b? + 564 + 7064...) 
and if the series is summed 


Woe = 2a Vizag” | + 08 
a 2x4 si “ / xg” ¢ 7") (1 = D2) 2 
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are 


In terms of the effective nominal voltage 


8V8EXV xa"xXq" er 


Wa = a 
6 ba (xa +-Vxa"xq")? (1 — b?)2 


(A17) 


Appendix II—Symbols and Nomenclature 


1 = instantaneous short circuit current 
ts = steady-state instantaneous short-circuit current 
ta, 1b, ¢ = instantaneous currents in phases a, b, and c, respectively 
= effective value of short-circuit current (square-root-of- 
mean-square value of 7) 


6’ = angular position of rotor at any instant, referred to the 
center line of phase a(@’ = wt + a’) 
3) = angular velocity corresponding to normal frequency 


t = time in seconds 


V xq" — V xa" 
V xq" + WV xa" 


circuit current 
Ia, Ib, Ie = total effective current in armature phases a, b, and ¢, 


= geometric ratio of harmonics in short- 


respectively 
21 = positive-sequence armature impedance per phase 
Ze = negative-sequence armature impedance per phase 
xy = positive-sequence armature reactance per phase 


X2 = negative-sequence armature reactance per phase 


J, = effective value of fundamental component of current 7 x. (AIEE) = negative-sequence armature reactance per phase as 
4 = fundamental component of current 7, maximum measured by the AIEE method 
7q¢ = current in main field winding bWab = wattmeter reading with voltage Ec, and current Jp 
Iq = current in quadrature field winding ; pi, bo, bs = instantaneous power corresponding to the fundamental, 
Io = average (d-c) field current corresponding to nominal volt. third and fifth harmonics, respectively : 

age eo 
Wa, Wb, We = armature flux linkages in phases a, b, and c, respec- 
\ . 

tively 
eo = maximum nominal voltage per phase References 
Eo = nominal voltage per phase, effective value 
€ab 7 instantaneous voltage, lines a to b 1. PRELIMINARY REPORT ON A PROPOSED [EST CODE FOR SYNCHRONOUS 
Eab = effective voltage, lixes a to b MacHINES. Prepared under the auspices of the AIEE committee on electrical 
FE, = effective value of fundamental component of voltage Hap machinery, January 1933. 
é = fundamental component of open-line voltage éab, maximum 2 syncuronous Macuinss—IV, R. E. Doherty and C. A. Nickle. ATEE 
Wab = linkages included in phases a and b TRANSACTIONS, volume 47, April 1928, pages 457-87. 
ab; = steady-state value of linkages f , 3. REPORT ON PROPOSED AMERICAN STANDARD DEFINITIONS OF ELECTRICAL 
xd = synchronous reactance (3-phase) along direct axis Terms. Prepared under the sponsorship of the AIEE, August 1932. 
Xq = synchronous reactance (3-phase) along quadrature axis 4. SYMMETRICAL COMPONENTS (a book), C. F. Wagner and R. D. Evans. 
xq” = subtransient reactance (3-phase) along direct axis McGraw-Hill Book Company, Inc., New York, N. Y., 1933. 
xg” = subtransient reactance (3-phase) along quadrature axis 5. Tuer ReEAcTANCES OF SYNCHRONOUS Macuines, R. H. Park and B. L. 


1a, lg, la”, lq” = inductances corresponding to the reactances xq, 
Xq,.%d", and xg” at normal frequency 

Ma = mutual inductance between main field winding and a single 
armature phase winding when pole is coaxial with the 


armature winding 


Robertson. 


Doherty. 


AIEE Transactions, volume 47, April 1928, pages 514-35. 


6. A SIMPLIFIED METHOD OF ANALYZING SHORT-CIRCUIT PROBLEMS, R. E. 
AIEE TRANSACTIONS, volume 42, 1923, pages 841-8. 


7. DEFINITION OF AN IDEAL MACHINE AND EXPRESSIONS FOR ARMATURE 


LinKAGES, R. H. Park, General Electric Review, volume 31, June 1928, pages 


Io = zero-sequence inductance 332-4. 

t) = angular position of rotor at any instant, referred to the g 
center line of phases b and c in series (0 = wt + a) 

@ = angular position of rotor at instant short circuit occurs, g 


referred to center line of phases b and c in series 


H. Wright. 


Discussions 


Of AJEE Papers—as Recommended for Publication by Technical Commit tees . 


PRINCIPLES OF ALTERNATING CURRENTS (a book), R. R. Lawrence. 


Mc- 


Graw-Hill Book Company, Inc., New York, N. Y., 1935. 


DETERMINATION OF SYNCHRONOUS MACHINE CONSTANTS BY TEsr, Sherwin 
AIEE TRANSACTIONS, volume 50, December 1931, pages 1331-50. 


Electrical Apparatus for 
Diesel Cars and Locomotives 


Discussion of a paper by G. F. Smith pub- 
lished in the April 1936 issue, pages 335-41, 
and presented for oral discussion at the general 
session of the AIEE North Eastern District 
meeting, New Haven, Conn., May 7, 1936. 


S. B. Schenck (nonmeinber; Bessemer 
and Lake Erie Railroad Company, Green- 
ville, Pa.): Within 2 years, 78 American 
railroads and 63 American industrial 
concerns together have invested over 
11,000,000 dollars in electrical equipment 
for more than 1,000 gasoline and diesel- 
propelled motive power units. Over 1,200 
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generators and 2,600 propulsion motors 
have been installed on these units. Engines 
range from 60 to 2,000 horsepower each, 
and collectively operate at speeds ranging 
between 500 and 2,400 revolutions per 
minute. While most of these units are 
propelled by gasoline engines, and some 
of the fundamental design features men- 
tioned in this paper were worked out for 
the gasoline propelled power, the greatest 
refinements in design and application have 
occurred in the past five years for diesel 
electric motive power, 

One of the most desirable characteristics 
for electric transmissions centers in con- 
tinued reduction of apparatus weight, and 
the paper gives information of present 
status. Although the weight has been 
reduced in 10 years from around 60 pounds 


Discussions in This Issue 


On this and the following 2 pages 
appear all remaining unpublished dis- 
cussions of technical papers presented 
at the general session of the AIEE 
North Eastern District meeting, New 
Haven, Conn., May 6-8, 1936. 
Members anywhere are encouraged 
to submit written discussions of any 
paper published in ELecTRICAL ENGI- 
NEERING, which discussion will be 
reviewed by the proper technical 
committee and considered for possible 


publication in a subsequent issue. 


1385 


. 


to near 35 pounds per horsepower, it has 
a long way to go to meet the 15 pounds per 
horsepower obtainable in mechanical or 
hydraulic transmission for engines of 250 
horsepower or less. 

Weight reduction of electric equipment 
appears to have practically paralleled the 
reduction of first costs of diesel power. 
For example, diesel electric locomotives 
can be purchased today for 100 dollars 
per engine horsepower compared to 200 
dollars 10 years ago. Even at present cost 
levels, diesel motive power is priced close 
to 2.5 times that of equivalent main line 
steam power. The electrical apparatus 
usually involves about 30 per cent of the 
first cost of a locomotive, and the economic 
advantage to be obtained by further cost 
reduction is obvious. It also emphasizes 
the importance of further reduction in 
weight and cost toward the level of me- 
chanical and hydraulic transmissions. The 
cost of mechanical transmissions for 250 
horsepower is said to be about 25 per cent 
of the corresponding electric drives. Hy- 
draulic transmissions cost more than me- 
chanical ones, but their weight and cost 
advantages have been among the chief 
incentives for European railroads to apply 
them to cars with dual 600 horsepower 
diesel engines, and to prepare designs for 
larger engines to be used on locomotives. 

The paper indicates the desirability of 
high ratio between maximum operating 
speed and lowest continuous operating 
speed of propulsion motors. There may 
be possibilities for obtaining the equivalent 
of increased ratio by the use of 4-cycle 
engines operated without supercharge at 
their normal rating, and then bringing 
supercharge gradually into action to raise 
the engine power to its maximum. 


Herman Lemp (Ingersoll-Rand Company, 
New York, N. Y.): The author has covered 
the subject in an able manner. From the 
paper one gathers that controlling the 
generator output automatically by the 
service demand can be covered by either 
of 2 fundamentally different methods, 
both of which are open to innumerable 
variations and refinements. 


1. By having the speed of the generator set de- 
termine both inversely the fuel supply and generator 
excitation (speed control or torque control as 
modified by engine speed). 

2. By inherent control of generator excitation 
such as by differential field on main generator, 
differential field on exciter, a special designed 
exciter, and metadyne exciter, 


The first group has the advantage that 
it takes care of the temperamental be- 
havior of any internal combustion engine 
and of temperature variations in generator 
and exciter windings at one time. It is 
usually more complicated and subject to 
variation, depending, as it does, upon 
electric contacts, and pressure valves, but 
it operates satisfactorily in practice. 

The second group is simpler in design, 
and has its chief drawback in the heating 
of generator and exciter winding, thereby 
varying the loading of engine from cold to 
warm. 

For switching locomotives, the weight of 
equipment is no drawback, the additional 
first cost of copper and iron is well worth 
the low maintenance resulting from sim- 
plicity of design. 
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With differential field on main generator, 
units can be run in multiple on a common 
busbar, and will divide the load in ac- 
cordance with engine performance (a 4 or 
6 cylinder engine may be run in parallel), 
an advantage not to be brushed lightly 
aside. Anyway, switching locomotives so 
equipped have been in constant service 
for more than ten years. 

The writer appreciates the author’s 
pointing out the essential difference in 
desirable characteristics between traction 
motors operated from a constant-potential 
trolley and those supplied by variable 
voltage from Diesel operation. This is 
distinctly a step in the right direction, 
namely, to design traction motors for 
Diesel service with low C?R losses versus 
low core losses. 

In the light of further investigations, 
particularly for larger units, the writer 
might suggest a closer study of providing 
2 generators, one mounted on each end of 
engine and coupling them either in series 
or multiple, while retaining the traction 
motors always in multiple. Traction mo- 
tors, when in series, lack the grip during 
acceleration on slippery rails. When one 
slips, the other motor, in series therewith, 
also slips. Motors should always be in 
multiple for best acceleration. There would 
seem no greater difficulty in coupling 
generators from series to parallel or when 
the engine is at idling speed and excitation 
removed, than in coupling motors as is the 
usual practice. 


P. A. McGee (General Electric Company, 
Philadelphia, Pa.): The success of Diesel- 
power-plant .rail motive power in this 
country to date is due largely to the em- 
ployment of the flexible electric trans- 
mission. Electric transmission permits a 
perfect regulation between the tractive 
effort and speed of a locomotive within 
the capacity of the diesel power plant. It 
would be difficult, if not impossible, with 
any other device to develop the graduated 
increments of tractive effort which are 
essential to obtain the high values of ad- 
hesion which account for the economy and 
success of the many small diesel power 
plant locomotives which have so effectively 
replaced steam locomotives of considerably 
greater horsepower in rail switching services 
in this country. 

In the case of high-speed light-weight 
trains, such as the “Zephyr” on the Bur- 
lington, and the ‘‘Comet’? on the New 
Haven, the success of the relatively small 
diesel plants employed on these trains is 
largely due to the efficiency, reliability, 
and small maintenance resulting with the 
electric transmission. These advantages 
will become all the more pronounced as 
the horsepower of the diesel plants in- 
creases. 

Electric transmission, however, is in- 
herently heavy and costly, and the de- 
signers of rail Diesel equipment are natu- 
rally enough endeavoring to develop 
more direct and possibly cheaper drives 
along mechanical lines with which me- 
chanical engineers and the automotive 
industry are more familiar and sympathetic. 
Although developments of mechanical drives 
are not very encouraging to date for even 
the small outputs required with switching 
locomotives and rail cars employed in this 


country, their consideration should aft 
least act as an incentive to the electrica 
engineers to more fully exploit the possi. 
bilities of electric power transmission anc 
reduce as far as possible the weight anc 
cost of existing equipment. 

With the great interest which is now being 
taken in Diesel rail motive power, this 
paper on the electrical transmission of thi: 
power is very opportune. 

Curves 1 and 2 in the paper explain 
in a satisfactory manner the question of 
drive efficiency by both mechanical and 
electric transmission. There is a popular 
misunderstanding that the electric trans- 
mission of power is considerably less 
efficient than straight mechanical drives, 
and although this condition may exist at 
certain fixed speeds, there is every indica- 
tion that over a range of speed which 
would be met on any ordinary rail profile, 
that there is little, if any, advantage in 
efficiency with mechanical drives. In the 
case of switching locomotives over 30 
per cent of the diesel fuel consumed is 
accounted for by idling and engine rotationai 
losses which are independent of the method 
of drive. 

With main line high-speed trains and 
where switching locomotives are required 
to perform transfer duty between yards, 
the question of obtaining the maximum 
output of the diesel power plant at the 
rails over the range of operating speed is 
frequently more important than the ques- 
tion of over-all fuel consumption and in 
consequence the generator characteristics 
shown on curve 7 of the paper with simple 
differential regulation which limits the 
engine output at medium and relatively 
high locomotive speeds, is not desirable. 
It then becomes necessary to employ some 
type of generator speed regulation to ap- 
proximate curve 5 explained in the paper. 

Curve 5 shows a constant generator 
output over a range of 80 per cent to 
160 per cent ampere rating. For high- 
speed operation, it would be desirable to 
extend this range of constant output to 
lesser values of current rating and for 
heavy switching duty it would be desirable 
to extend this range to higher values of 
current rating. Such extensions of con- 
stant output range would, of course, require 
a larger voltage range with both the genera- 
tor and traction motors and their cost and 
weight would in consequence be adversely 
affected. The writer would like, however, 
to ask Smith how he arrives at the economic 
limit in constant output range for a given 
output and as to whether the extension of 
the range shown in figure 5 of the paper 
would be costly. 

The description with figures 5, 7, 8, and 
10 of the various methods employed to 
obtain a satisfactory generator character- 
istic are interesting and must be given 
close consideration by railway engineers. 

The effect of the ratio of maximum speed 
to continuous speed of a locomotive on the 
weight of traction motors is perhaps one 
of the most illuminating points brought 
out in the paper and very clearly illustrates 
the price which must be paid when high 
speed requirements are associated with 
low speed services, such as yard switching 
work. 

This feature might have been further 
developed by referring to the possibilities 
of double reduction gear combined with 
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limitations in locomotive speed. During 
the past few years, the writer has given 
some thought to this possibility and esti- 
mates that the weight and cost of the 
traction motors alone on straight electric 
and Diesel electric locomotives might be 
reduced by at least 50 per cent with double 
reduction gears. 

In the case of single-phase switching 
locomotives a locomotive with single 
reduction gear and having motors weigh- 
ing approximately 40,000 pounds could 
be substituted by a double reduction gear 
locomotive having motors weighing 18,000 
pounds, without affecting the maximum 
speed and actually giving a greater horse- 
power output. 

In order to develop fully the adhesion 
values possible with electric traction motors, 
it is necessary that design engineers give 
more thought to the connection and ar- 
rangement of the traction motors in the 
electric circuit. The author has at 5 
points in his paper referred to the more or 
less standard arrangement of series-parallel 
control of traction motors. By such a 
motor combination the author states that 
the overload on the generator need not 
exceed 60 per cent even with 200 per cent 
overload on the motors. As is pretty well 
‘understood, traction motors in series are 
in the first instance in a most unsatis- 
factory mechanical arrangement due to 
weight transfer, and in the second in- 
stance they are in a most unsatisfactory 
electrical circuit due to their instability 
the moment wheel slippage starts, with 
a tendency to continue slipping and the 
imposition of the complete circuit voltage 
across one armature. Due to this un- 
fortunate combination of circumstances, 
motors with series-parallel control give 
an extremely “slippy’’ locomotive if the 
service requires the development of high 
adhesive values and the price paid for the 
lesser duty on the generator by such a 
control set-up is a severe limitation in the 
performance of the locomotive and higher 
maintenance with the traction motors. 

The writer would like to ask Smith what 
increase in the main generator weight and 
cost would result if traction motors were 
at all times connected in parallel. 


J. W. Marsh (nonmember; The Engineer 
Board, Fort Belvoir, Va.): The paper is 
informative and the only thing the writer 
ean offer is a suggestion relative to me- 
chanical drive. 

With reference to figures 1 and 2 of the 
paper, the comparison of 660-horsepower 
electrical transmission with 800-horsepower 
mechanical transmission is apparently with- 
cut foundation. A 4-step transmission 
certainly would be ineffective on a speed 
range of from zero to 80 miles per hour and 
acceleration to 8 miles per hour by clutch 
slippage would be excessive. The region 
of mechanical transmission in powers over 
200 horsepower per unit is relatively un- 
explored. 

No weight is given to the comparative 
weight and cost of electrical and mechanical 
drive locomotives. There is compared in 
figure 1 of this discussion a mechanical 
drive locomotive which could be built in 
the price and weight range of the gasoline 
electric locomotives recently built for 
Picatinny Arsenal (weight 64,775 pounds, 
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price 17,5383 dollars, Picatinny Arsenal). 
The diagram shows what would be obtained 
with a duplex mechanical transmission, 
using 2 engines, each delivering 175 horse- 


power to the transmission (‘LeRoi 
IRXETS”). 
With this type of transmission rail, 


traction is never lost but drops as shown 
by the vertical lines at each gear change. 
Gears will be synchronized and_ shifted 
pneumatically. Clutch slippage will occur 


Fig. 1. Comparative 
speed-tractive force 
curves for electric and 
mechanical! transmission 
on 30-ton locomotives 


| A—350 horsepower deliv- 


ered to mechanical transmission 
B—175 horsepower deliv- 
ered to electric transmission 


TRACTIVE FORCE — THOUSANDS OF POUNDS 


ie) 10 20 30 40 50 60 
SPEED — MILES 


only on accelerating from zero to 1.5 miles 
per hour. Clutches are available capable 
of slipping the maximum torque for 30 
seconds without deleterious effects. In 
the case illustrated the clutch would be 
required to slip 65 per cent of its capacity 
for 6 seconds to accelerate a 500-ton train 
to 1.5 miles per hour. Beyond 1.5 miles 


per hour there is no time limit for any 
tractive force or speed. 

A transmission as just outlined has, of 
course, not been built but is in the design 
stage. Its characteristics are shown here 
merely to illustrate the possibilities of 
mechanical drive and the competition 
which will have to be met by electrical 
transmission. 


E. B. Fitzgerald (American Car & Foundry 
Company, Berwick, Pa.): Figures 1 and 
2 of the paper compare an 800 horsepower 
mechanical drive equipment with an 800 
horsepower electric drive. These curves 
indicate a top speed of 60 miles per hour 
(governed engine speed) for the mechanical 
drive, and 80 miles per hour for the electric 
drive. Having been associated with the 
development and application of both me- 
chanical and electric-drive equipments for 
10 years, the writer feels that in fairness 
to the mechanical drive, the following points 
should be brought out: 


1. Selection of proper transmission and axle ratio 
(figures 1 and 2 of the paper) will result in the 
same top speed for the mechanical drive as is 
indicated for the electric drive. 


2. If the mechanical drive is compared to the 
electric drive on the basis of horsepower per ton 
of weight available at the rail, which is really what 
counts, and first cost, the picture changes because 
of the increased weight and cost of the electrical 
transmission. 


Under the subheading ‘‘Generator With 
Torque Control’ the author states, ““With 
this arrangement, the full torque of the 
engine, which it can deliver at any engine 
speed can be used regardless of engine con- 
dition, battery condition or temperature for 
the main generator field.”” In addition, 
torque control asin the case of the power 
plant illustrated in figure 4 automatically 
increases or decreases power available for 
traction depending on the output demand 
of the auxiliary generator which may vary 
from a few kilowatts to 60 to 80 kilowatts 
parasite load. This is not possible with 
differential control. 


The NBC Experiments With Television 
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News 


Of Lastitute ee Related Activities 


AIEE Winter Convention 
Features 5-Day Program 


1. KEEPING WITH plans to resume a 
5-day schedule for the Institute’s winter 
convention, a tentative technical program 
of many specialties has been arranged for 
the 1937 convention, which is to be held 
January 25-29, in New York, N. Y. The 
convention will begin on Monday with 
registration in the morning and the opening 
session in the afternoon. Technical ses- 
sions will be held Monday afternoon and 
during both mornings and afternoons of 
the next 3 days. Friday, the fifth day, will 
be devoted exclusively to inspection trips 
to places of interest. The smoker will be 
held on Tuesday evening, Edison Medal 
presentation on Wednesday evening, and 
the dinner-dance at the Hote! Astor on 
Thursday evening. More information re- 
garding these features will be announced 
in the January issue. 


TECHNICAL SESSIONS 


Thirteen technical sessions have been 
arranged tentatively, and many timely 
papers will be presented. Several papers 

_in the field of power transmission will deal 
with lightning investigations on transmis- 
sion lines and measures of protection against 
lightning. In another session, bearing a 
close relation to the indirect effects of light- 
ning on apparatus, will be several papers 
which have to do with the latest informa- 
tion on impulse voltage testing technique 
and measurements. The first report of 
power-system stability by the Institute’s 
subcommittee on interconnection and sta- 
bility factors will contribute valuable 
authentic information to the literature on 
this important subject. Ultra-high-speed 
reclosing of circuit breakers is another 
timely topic, of interest to transmission and 
protection engineers, which is scheduled in 
the protective devices session. 

Engineers who have to do with the plan- 
ning and performance of distribution sys- 
tems will find several papers in the distribu- 
tion session to be of interest as well as the 
papers in the sessions on communication and 
protective devices. The economics of over- 
head secondary circuits will be analyzed in 
a paper which presents a cross section of 
experiences obtained from 5 companies. 

For those interested in the application of 
mathematics to certain electrical engi- 
neering problems a session on tensors, in- 
cluding also a paper on dyadic algebra and 
another on complex vectors, will hold much 
interest. It is hoped that these papers and 
the ensuing discussion will do much toward 
indicating the advantages and limitations of 
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tensor methods. For those interested in 
the theory and design of electrical machinery 
3 sessions will be held on this subject. 
Sessions on communication, selected sub- 
jects, electronics, electrophysics, and electric 
welding constitute the remainder of the 
program tentatively established. 


TECHNICAL CONFERENCES 


During the convention technical confer- 
ences on the subjects of education, elec- 
trical networks, the AIEE d-c machinery 
test code, and the AIEE a-c machinery test 
code will be held. The technical confer- 
ences are intended to afford opportunity for 
groups of specialists to meet and discuss 
subjects informally, no provision being 
made for publication of the papers or dis- 
cussions. 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


At some of the technical sessions, a few 
papers may be presented only by title. 
This will permit the devotion of more time 
to discussion. At other sessions, papers 


will be presented in abstract, 10 minutes 
being allowed for each paper unless other- 
wise arranged, or the presiding officer meets 
with the authors preceding the session to 
arrange the order of presentation and allot- 
ment of time for papers and discussion. 
Authors will be notified officially in each 
case about one month in advance. 

Any member is free to discuss any paper 
when the meeting is opened for general 
discussion. Usually 5 minutes is allowed 
to each discusser for the discussion of a 
single paper or of several papers on the same 
general subject. When a member signifies 
his desire to discuss several papers not 
dealing with the same general subject, he 
may be permitted to have a somewhat 
longer time. 

It is preferable that a member who wishes 
to discuss a paper give his name in advance 
to the presiding officer of the session at 
which the paper is to be presented. Each 
discusser should step to the front of the 
room and announce, so that all may hear, 
his name and _ professional affiliations. 
Three typewritten copies of discussion pre- 
pared in advance should be left with the 
presiding officer. 

Other discussion to be considered for 
publication must be submitted, typed 
double spaced, in triplicate to C. §. Rich, 
secretary, technical program committee, 


AIEE headquarters, 33 West 39th St., 
New York, N. Y., on or before February 
12, 1987. Discussion received after this 
date will not be accepted. 


Membership— 


Mr. Institute Member: 


employment now under wey. 


shall continue. 


A substantial gain in membership in the Institute has been realized 
recently; from May 1 to November 1 the number is 575. 
accomplished through the co-operative efforts of the individual 
members and the Section and national membership organizations. 
The increase should continue along with the expansion of technical 
We urge your continued interest and 
efforts as you come in contact with qualified nonmembers. 

Each member is in 4 position to acquaint prospective members con- 
cerning Institute activities, and by so doing the record of progress 
Give your Section membership committee the names 
of good member prospects on the blank form recently sent to you. 


This was 


7a 


Vice-Chairman, District No. 2, 
National Membership Committee 
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THE 


Communication 


CALORIMETRIC MEASUREMENTS OF DIELECTRIC 
Loss, H. H. Race and S. C. Leonard, General 
Electric Company. December issue, pages 1347-56 


CURRENT PROPAGATION AND POTENTIALS IN EARTH 
Return Crrcuits, E. D. Sunde, Bell Telephone 
Laboratories, Inc. December issue, pages 1338-46 


INDUCTIVE CO-ORDINATION OF COMMON- 
NevuTRAL POWER DISTRIBUTION SYSTEMS AND 
TELEPHONE Circuits, J. O’R. Coleman, Edison 
Electric Institute, and R. F. Davis, American 
Telephone and Telegraph Company. 


Selected Subjects 


StupIes oF StTasitiry oF CABLE INSULATION, 
Herman Halperin and C. E. Betzer, Coinnionwealth 
Edison Company. October issue, pages 1074-82 


*LirE TESTING oF A-C Dry Exzcrrotytic Con- 
DENSERS, F. W. Godsey and Preston Robinson, 


Sprague Specialties Company. 


*CHARACTERISTICS OF LAMINATED SILVER-STEEL 
Contracts Tips FOR SMALL ARCcING CONTACTS, 
O. R. Schurig and J. B. Ford, General Electric 
Company. 


ELECTRONIC TRANSIENT VISUALIZERS, H. J. Reich, 
University of Illinois. 
December issue, pages 1314-18 


Power Distribution 


*OVERHEAD SECONDARY DISTRIBUTION—A REVIEW 
or 5 Economic Srupies, W. P. Holben, Duquesne 
Light Company. 


PoLeE FLEXIBILITY AS A FACTOR IN LINE DESIGN, 
H. P. Seelye and Myron Zucker, The Detroit 
Edison Company. 


TRENDS IN DISTRIBUTION OVERCURRENT PROTEC- 
tion, G. F. Lincks and P. E. Bennez, General 
Electric Company. 


AUTOMATIC BOOSTERS ON DISTRIBUTION CIRCUITS, 
L. M. Olmsted, Duquesne Light Co., October issue, 
pages 1083-96. 


Tensor Analysis 


THE TENSOR—A NEW ENGINEERING TOOL, A. 
Boyajian, General Electric Company. 
August issue, pages 856-62 


Dyapic ALGEBRA APPLIED TO 3-PHASE CIRCUITS, 
A. Pen-Tung Sah, National Tsing Hua University. 
August issue, pages 876-82 


TENSOR ALGEBRA IN TRANSFORMER CIRCUITS, 
L. V. Bewley, General Electric Company. 
November issue, pages 1214-19 


TENSOR ANALYSIS OF MULTIELECTRODE ‘TUBE 
Circuits, Gabriel Kron, General Electric Com- 
pany. November issue, pages 1220-42 


CompLex VECTORS IN 3-PHASE Crrcuits, A. Pen- 
Tung Sah, National Tsing Hua University. 
December issue, pages 1356-64 


Power Transmission 


*LIGHTNING INVESTIGATION ON TRANSMISSION 
Lines—VI, W. W. Lewis and C. M. Foust, General 
Electric Company. 


LIGHTNING INVESTIGATION ON 220-Kv LINES oF 

THE PENNSYLVANIA POWER AND LicutT Co., Edgar 

Bell, Pennsylvania Power & Light Company 
December issue, pages 1306-13 


*First REPORT OF POWER-SYSTEM STABILITY, 
AIEE subcommittee on interconnection and sta- 


bility factors. 


Tentative Technical Program 


In this program, reference to the 
issue and, in so far as possible, 
to the page in ELECTRICAL 
ENGINEERING, is given for all 
papers published up to and in- 
cluding this issue. 


LIGHTNING PROTECTION FOR LOW-VOLTAGE TRANS- 

MISSION LinES, A. W. Gothberg and A. S. Brookes, 

Public Service Electric and Gas Company. 
Scheduled for January issue 


CHARACTERISTICS OF SUSPENSION INSULATOR, 
C, L. Dawes and Reuben Reiter, Harvard Uni- 
versity. Scheduled for January issue 


Induction Machinery 


InpucTION Motor Resistance RING WIDTH, 
P. H. Trickey, Diehl Manufacturing Company. 
February issue, pages 144-50 


InpucTIon Motors UNDER UNBALANCED CONDI- 
tions, E. O. Lunn, Peterson and Cowan Elevator 
Company, Ltd. April issue, pages 387-393 


Capacitor Motors Wirh Winpincs Nor in 
QuaDRATURE, A. F. Puchstein and T. C. Lloyd, 
Robbins and Myers, Inc. 

November issue, pages 1235-39 


INDUCTION Morors ON UNBALANCED VOLTAGES, 
H. R. Reed and R. J. W. Koopman, Michigan 
College of Mining and Technology. 

November issue, pages 1206-13 


Protective Devices 


THE CONTROL GAP FOR LIGHTNING PROTECTION, 
Ralph Higgins and H. L. Rorden, Ohio Brass 
Company. September issue, pages 1029-34 


A NEw THERMAL FUSE FOR NETWORK PROTECTORS, 
L. A. Nettleton, Brooklyn Edison Company. 
October issue, pages 1096-9 


ULTRA-H1IGH-SPEED RECLOSING OF HIGH-VOLTAGE 
TRANSMISSION LINES, Philip Sporn, American Gas 
and Electric Company, and D. C. Prince, General 
Electric Company. 


*A New SerRVICE Restorer, W. R. Nodder, 
Pacific Electric Manufacturing Corporation. 


A SINGLE-ELEMENT POLYPHASE DIRECTIONAL 
Revay, A. J. McConnell, General Electric Com- 


pany. 


Synchronous Machinery 


PROPOSED TRANSFORMER STANDARDS, J. E. Clem, 
chairman, 1934-36 Transformer Subcommittee. 
Scheduled for January issue 


*CONTRIBUTIONS TO THE THEORY OF SYNCHRONOUS 
Macuines, A. S. Langsdorf, Washington Univer- 
sity. 

NEGATIVE-SEQUENCE REACTANCE OF SYNCHRONOUS 


Macuines, W. A. Thomas, Antioch College. 
December issue, pages 1378-84 


Two-REACTION THEORY OF SYNCHRONOUS Ma- 
cuings, S. B. Crary, General Electric Company. 
Scheduled for January issue 


OPERATIONAL SOLUTION OF A-C Macuings, A. R. 
Miller and W. S. Weil, Jr., Lehigh University. 
November issue, pages 1191-1200 


* These papers may be presented, but they have 
not been accepted for publication at the time of 
going to press. Of these papers, those which are 
accepted will be published, in so far as is possible, 
in the January 1937 issue. 


Electronics 


HEATER-CATHODE INSULATION PERFORMANCE, 
Hans Klemperer, Westinghouse Electric & Manu- 
facturing Company. September issue, pages 981—5 


AMPLIFICATION Locr oF RESISTANCE-CAPACITANCE 
CoupLep AmpLiFIERS, A. C. Seletzky, Case School 
of Applied Science. December issue, pages 1364~-71 


An ELEecTrrRoNICcC VOLTAGE REGULATOR FOR D-C 
GENERATORS, F. H. Gulliksen, Westinghouse Elec- 
tric & Manufacturing Company. 

August issue, pages 873-6 


New DEVELOPMENTS IN ELECTRONIC WELDING 

ConTROL, J. W. Dawson, Westinghouse Electric 

& Manufacturing Company. . 
December issue, pages 1371-4 


SEALED-OFF TUBES FOR WELDING CONTROL, 
David Packard and J. H. Hutchings, General 
Electric Company. 


Electrical Machinery 


SELF-REGULATED ReEcTIFIERS, W. M. Goodhue 
and R. B. Power, Harvard University. 
November issue, pages 1200-06 


An ANALYSIS OF THE SHADED-POLE Moror, P. H. 
Trickey, Diehl Manufacturing Company. 
September issue, pages 1007-14 


*ABRASION—A Factor IN ELECTRICAL BRUSH 
Wear, V. P. Hessler, Iowa State College. 


*ARC CHARACTERISTICS APPLYING TO FLASHING ON 
CommutTaTors, R. E. Hellmund, Westinghouse 
Electric & Manufacturing Company. 


Electrophysics 


A-C CHARACTERISTICS OF DigLECTRICS—II, Alfredo 
Bafios, Jr., Massachusetts Institute of Technology. 
December issue, pages 1329-37 


*DIBLECTRIC STRENGTH OF INSULATIGN TO IMPULSE 
SWITCHING AND 60-CycLE VOLTAGES, P. L. Bellaschi 
and W. L. Teague, Westinghouse Electric & Manu- 
facturing Company. 


PARALLEL INVERTER WITH INDUCTIVE Loap, C. F. 
Wagner, Westinghouse Electric & Manufacturing 
Company. September issue, pages 970—80 


CALCULATION OF RESISTANCES TO GROUND, H. B. 
Dwight, Massachusetts Institute of Technology. 
December issue, pages 1319-28 


*EXPANSION THEOREMS FOR LADDER NETWORKS, 
M. G. Malti and S. E. Warschawski, Cornell 
University. 


Instruments and Measurements 


IMPULSE VOLTAGES CHOPPED ON RISING FRONT, 
P. L. Bellaschi, Westinghouse Electric & Manu- 
facturing Company. 

September issue, pages 985-90 


*IMPULSE GENERATOR CIRCUIT CHARTS FOR SBE- 
LECTING CrrRcuIT Constants, J. L. Thomason, 
General Electric Company. 


*SHORT TIME BREAKDOWN OF Gaps, J. H. Hagen- 
guth, General Electric Company. 


*DEVELOPMENT OF A MODERN WATT-Hour METER, 
I. F. Kinnard and H. E. Trekell, General Electric 
Company. 


*Watt-Hour-METER BEARINGS, I. F. Kinnard and 
J. H. Goss, General Electric Company. 


Electric Welding 


Tue RESISTANCE WELDING CircultT, C. L. Pfeiffer, 
Western Electric Company. 
August issue, pages 868-73 


Demonstrations. 


DECEMBER 1936 


1389 


Report of ECPD Committee on Professional Recognition 
Makes Far-Reaching Proposals 


T. THE committee on professional 
recognition is assigned the fourth phase of 
the ECPD program, namely, to develop 
procedure and recommendations for “bring- 
ing some correlation into the various 
methods of formal recognition of the de- 
velopment of an engineer” (1935 Annual 
Report of ECPD, page 3). 

The present avenues or stages of formal 
recognition of the development of an engi- 
neer are 3 in number. They are all repre- 
sented in ECPD as a co-ordinating agency. 
Listed in order of progressive and chrono- 
logical sequence, they are: 


1. Professional Education, as evidenced generally 
by graduation from an approved college of engi- 
neering. 


2, Registration as a Professional Engineer, repre- 
senting legal recognition and admission into the 
engineering profession. 


3. Membership in a professional grade of a recog- 
nized engineering society, representing recognition 
of the attainments of the individual by his fellow 
engineers. 


These 3 stages of formal recognition of 
the development of an engineer are now 
established. Our problem is to improve 
their correlation. 

The proposal of any additional procedure 
of certification or recognition would only 
be adding a fourth method to the 3 methods 
of progressive recognition already estab- 
lished. It would introduce new competi- 
tion or conflict and new difficulties of corre- 
lation, and would therefore not be a solu- 
tion of the problem of harmonious co- 
ordination. 

It is true that the 3 methods of progres- 
sive recognition already established are not 
yet, within themselves, sufficiently uniform. 
With equal interest in all 3, ECPD should 
address itself to achieving results of more 
uniform significance. Nothing in this re- 
port is to be construed as recommending 
any lowering of present standards or re- 
quirements. 

1. Under the heading of ‘Professional 
Education,’’ ECPD (through its committee 
on engineering schools) is seeking to estab- 
lished recognized national standards of 
quality and attainment for engineering 
schools through its program of accrediting. 
“Graduation from an approved course in 
engineering’’ should eventually have a more 
definite and more uniform significance. 

2. Under the heading of ‘‘Engineers’ 
Registration,” it is recognized that this 
method of formal recognition is not yet 
universal nor sufficiently uniform. Only 
35 of the 48 states have engineers’ registra- 
tion laws; and in 3 of these states the 
laws are incomplete, covering only a frac- 
tion of the profession. Moreover, with 
such laws enacted at different dates (since 
1907) and under varying circumstances, 
there are naturally some variations in their 
qualification requirements. ‘“‘ECPD should 
therefore address itself to rendering all 
possible assistance to effect uniform regis- 
tration laws in states which do not have 
them, to improving the registration laws 
that now exist, and to effecting among 
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Supplementing the report of the 
annual meeting of the Engineers’ 
Council for Professional Develop- 
ment and the excerpts from the 
annual reports of 3 ECPD com- 
mittees published in the Novem- 
ber issue (pages 1280-5), full text 
of the annual report of the ECPD 
committee on professional recog- 
nition is presented here. The re- 
port was presented to ECPD at its 
annual meeting held on October 6, 
1936, but official action on the 
recommendations contained there- 
in was deferred pending further 
consideration at a future meeting 
of ECPD. These recommendations 
are of far-reaching importance to all 
engineers, and particularly to mem- 
bers of national engineering socie- 
ties. Comments on these recom- 
mendations are invited. 


these present laws a higher degree of uni- 
formity as to requirements and as to form 
of recognition’ (19385 report of committee 
on professional recognition, adopted by 
ECPD October 8, 1935). 

3. Under the heading of “Membership 
in Engineering Societies,” it is recognized 
that there is considerable variation in 
qualification requirements for admission to 
the same or corresponding grades of mem- 
bership in the various national organiza- 
tions. Significance and recognition will be 
advanced if these requirements are brought 
to a more uniform level, both in constitu- 
tional prescription and in application. 
ECPD has adopted the recommendations 
of this committee (1933 and 1934) for 
“Standard Grades of Membership,’ namely, 
Student Member, Junior Member, Member, 
and Fellow; and support should be given 
to the establishment of this uniform system 
of grades upon the basis of the advantage 
to the entire engineering profession resulting 
from more uniform formal recognition. 
ECPD has also adopted the ‘‘Minimum 
Definition of an Engineer’ formulated by 
this committee (1933); and under the 
approved “Standard Grades of Member- 
ship,” the grade of Member is defined as 
“the full-fledged engineer, that is, the engi- 
neer who has passed the requirements in the 
minimum definition of an engineer.” All of 
the interested engineering societies should 
therefore be urged to make the “Minimum 
Definition of an Engineer” their goal as a 
minimum requirement for admission to the 
“Member” grade. The ‘Minimum Defi- 
nition” prescribes professional education, 
specified experience, and the passing of 
written examinations. Instead of duplica- 


ting such examinations, the engineering 
societies may accept the results of corre: 
sponding examinations, passed in securing 
professional registration under the stati 
laws. 


CORRELATION 


If the 3 avenues or stages of recognitior 
of development of an engineer (1—educa- 
tion, 2—registration, 3—membership) are 
appreciated as logically progressive and sue- 
cessive, much apparent conflict is resolved, 
and consistent correlated relationship is 
made manifest. The [ECPD] committee 
on student selection and guidance has for 
its province the problems preceding and 
anticipatory to phase 1; the committee on 
engineering schools covers phase 1; the 
committee on professional training is chiefly 
concerned with the problems covering the 
period of individual development between 
phase 1 and phase 2, and beyond; and the 
committee on professional recognition is 
concerned with all as they are related to the 
recognition of the engineer. 

Under the concept of the progressive 
sequence of the 3 stages of recognition 
(1—education, 2—registration, 3—mem- 
bership) each successive stage should be 
predicated, so far as practicable, upon the 
prior attainment or completion of the stage 
preceding it. Thus will any remaining 
conflict be minimized, and correlation im- 
proved. 

Accordingly, evidence of completion of 
(1) professional education (by graduation 
and/or examinations) should be made uni- 
versally a prerequisite for (2) registration 
under the state laws and for (3) admission 
to “Member” grade in the national engi- 
neering societies. ECPD should there- 
fore give its assistance in amending any 
state registration law in which evidence of 
professional education (by graduation and/ 
or examinations) is not yet clearly specified 
as an essential prerequisite. Likewise, 
ECPD should urge all interested engineering 
societies to adjust their requirements so as 
to specify evidence of professional educa- 


Future AIEE Meetings 


Winter Convention 
New York, N. Y., Jan. 25-29, 1937 


North Eastern District Meeting 
Buffalo, N. Y., May 5-7, 1937 


Summer Convention 
Milwaukee, Wis., June 21-25, 1937 


Pacific Coast Convention 
Spokane, Wash., Date to be deter- 
mined 


Middle Eastern District Meeting 
Akron, Ohio, Fall 1937 
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tion (by graduation and/or examinations) 
as an essential prerequisite for membership. 

Similarly, to improve correlation, regis- 
tration should be made so far as practicable, 
a minimum prerequisite for admission to 
the professional grades* of membership of 
the national engineering societies. Each 
organization can easily determine for itself 
which of its membership grades shall be 
regarded as professional. For admission to 
the professional grades of membership, with 
such temporary exceptions as may be prac- 
tically indicated, state registration should 
be established as a minimum requirement. 
This does not mean that any candidate is 
to be accepted for membership merely be- 
cause he is registered or licensed. The 
engineering society may not yet be satisfied 

with the qualification requirements for 

tegistration in some of the states, and may 
desire therefore to impose such additional 
requirements as it deems proper. State 
registration is here recommended as a de- 
sirable basic requirement, not as an all- 
sufficient requirement. 

Unless any engineering society takes the 
position that the states maintain qualifica- 
tion requirements higher than should be 
expected of professional grades of member- 
ship of the society, there would appear to 
be no valid objection to requiring registra- 
tion as a prerequisite. If, on the other 
hand, any engineering society takes the 
position that the registration requirements 
in any state are inferior, there would appear 
to be no objection to challenging any candi- 
date who fails even to meet such inferior 
requirements. 

Exceptions can of course be made for 


* Professional grades of membership include: 
Honorary Member, Member, and Associate Mem- 
ber of the American Society of Civil Engineers; 
Honorary Member and Member of the American 
Institute of Mining and Metallurgical Engineers; 
Honorary Member, Fellow, and Member of The 
American Society of Mechanical Engineers; 
Honorary Member, Fellow, and Member of the 
AIEE; Active Member of the American Institute 
of Chemical Engineers. 
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Table I[—Percentage of Members of National Engineering Societies Registered as Professional 
Engineers in 30 Registration States 
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applicants from the 13 states which do not 
yet have registration laws, or from the 3 
states in which the registration laws are 
incomplete. Exceptions can also be made 
for applicants who can show specific exemp- 
tions in their state registration laws, per- 
mitting their continued responsible practice 
of engineering without registration. 

It is therefore recommended that the 
interested engineering societies consider the 
eventual adoption of the following require- 
ment: 


“Before admission or transfer to professional 
grades of membership in this society, an applicant 
shall show that he is or has been a legally registered 
professional engineer, unless he resides in a state 
in which an engineers’ registration law has not 
been enacted, or unless he shows specific legal 
exemption under the engineers’ registration law of 
the state in which he resides, permitting him to 
engage in the responsible practice of professional 
engineering without registration.”’ 


The adoption of this recommendation 
will prove correlation between membership 
grades and professional registration. It will 


‘also improve correlation between recognized 


professional status and corresponding grades 
of membership in the different engineering 
societies. It will, incidentally, facilitate 
the full establishment and application of 
the ‘“Minimum Definition of an Engineer” 
as a requirement for admission to member- 
ship. Such co-ordination of (2) registra- 
tion and (3) membership will improve the 
standards and status of both and will be a 
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constructive contribution toward harmoni- 
ous and consistent relationship of the 
“various methods of formal recognition of 
the development of an engineer.” 

A further contribution to the correlation 
and significance of formal recognition would 
be to simplify, toward greater uniformity, 
the wide variation of degrees conferred 
upon graduation from engineering schools 
and, in particular, to eliminate the profes- 
sional degree (C.E., M.E., E.E., etc.) as a 
degree in course. For perfect correlation, 
ECPD should recommend that these pro- 
fessional degrees if conferred at all, be not 
conferred by the engineering schools upon 
any graduate before he has passed the stage 
of professional registration. Again, regis- 
tration should be regarded as a necessary, 
though not as a sufficient, prerequisite. 
Each individual school may impose such 
additional requirements and tests as it 
deems appropriate. 


SURVEY OF PRESENT CORRELATION 


In order to establish an index of the 
present degree of correlation between 
(2) state registration and (3) society mem- 
bership, a survey has been prepared under 
the auspices of ECPD at the request of the 
committee on professional recognition. 
This survey, in summary form, yields the 
percentages of correlation shown in table I. 

The complete report of this count, by 


32,481 MEMBERS IN 5 NATIONAL ENGINEERING 
SOCIETIES IN 30 STATES 


SUBPROFESSIONAL GRADES 
525 


Correlation of Registration and Engineering Society Membership in 30 States Having Registration Laws 


Square area at left indicates total number of engineers registered in 30 states. 
engineering societies in the same states. 


Rectangular areas indicate membership in national 
The portions of the rectangular areas extending inside the square indicate the numbers 


of members of the various societies that have become registered engineers 
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states, of the relative numbers of members 
registered under the state laws in each 
grade of membership in each of the 5 par- 
ticipating engineering societies, is sub- 
mitted as an appendix to this report. 
These data are also shown in graphic form 
for New York, for Iowa, and for 30 states 
for which registration figures were available. 
{Because of space limitations, only the 
chart showing registration data for 30 
states is reproduced here. ] 

The percentages of correlation found in 
this survey are higher than was generally 
anticipated. They are higher for some of 
the societies than for others. By this 
survey, a clear line of differentiation is 
indicated between the professional grades 
and the other grades. 

An improvement in the indicated per- 
centages of- correlation is to be desired for 
advancing the recognition of the profession. 
The development of recommendations for 
the improvement of such correlation is a 
phase of the ECPD program assigned to the 
committee on professional recognition. 


SUMMARY OF RECOMMENDATIONS 


1. ECPD should urge upon its participating 
engineering societies the actual adoption and appli- 
cation of the ‘‘Minimum Definition of an Engineer” 
as a minimum requirement for admission to Mem- 
bership. Evidence of professional education (by 
graduation and/or examinations) should be spe- 
cifically included in the prescribed membership 
qualifications, 

2. ECPD should urge and encourage the early 
adjustment of membership grades in the partici- 
pating engineering societies to conform to the 
“Standard Grades of Membership’ previously 
formulated and ratified. 

3. ECPD and its participating bodies should 
render all possible assistance to effect uniform 
registration laws in states which do not have them, 
to improve and to strengthen the registration laws 
where they now exist, and to effect among these 
present laws a higher degree of uniformity as to 
requirements and as to form of recognition. 

4. ECPD should give its assistance and support 
in amending any state registration law in which 
evidence of professional education (by graduation 
and/or examinations) is not yet clearly specified 
as an essential prerequisite. 

5. ECPD should recommend to all participating 
and interested engineering societies that state 
registration of a candidate be established as a 
minimum prerequisite for admission to professional 
grades of membership, with such provisional ex- 
ceptions as present circumstances may justify. 

6. ECPD should urge and support the simpliica- 
tion, toward greater uniformity, of the wide varia- 
tions of degrees conferred upon graduation from 
engineering schools. 

7. ECPD should recommend to all engineering 
schools that the professional degree be eliminated 
as a degree in course; and that (when it is awarded 
for post-collegiate professional recognition) it be 
not conferred until after the candidate has secured 
professional registration as a minimum prerequisite. 


PERSONNEL OF ECPD CoMMITTEE 
ON PROFESSIONAL RECOGNITION 


The ECPD committee on professional 
recognition is composed of representatives 
of the 7 constituents of ECPD, as follows: 


C. N. Lauer, chairman, American Society of Me- 
chanical Engineers. 


J. W. Barker (M’26, F’30), AIEE. 


H. C. Parmelee, American Institute of Chemical 
Engineers, 


D. B. Steinman, National Council of State Boards 
of Engineering Examiners. 


F. M. Becket, American Institute of Mining and 
Metallurgical Engineers. 


F. L. Bishop (H. S. Rogers, alternate), Society for 
the Promotion of Engineering Education. 


J. P. H. Perry, American Society of Civil Engineers. 
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Dallas District Meeting 


Program Enjoyed by 533 


Taxinc its place among the largest and 
most effective of the Institute’s District 
meetings, the sixth South West District 
meeting, held in Dallas, Texas, October 
26-28, had a total registration of 533. 
Attendance at sessions was unusually large 
in comparison with the registration, and 
keen interest was maintained until the end 
of the closing session. All 6 Sections and 
14 Student Branches located in the District 
were represented, and considerable numbers 
of students from certain schools attended, 
the total student registration being 179. 


OPENING SESSION 


With Vice-President L. T. Blaisdell pre- 
siding, the meeting was opened on Monday 
morning, October 26. Mr. Blaisdell ex- 
pressed his pride in the work of the South 
West District which in the past has held a 
number of successful and interesting meet- 
ings. He also expressed his sincere appre- 
ciation of the work of the local committees 
which made preparations for the 1936 
meeting. He then introduced Mayor Ser- 
geant, of Dallas, who gave a brief address 
of welcome extending cordial greetings to 
all members and guests present and men- 
tioning some of the attractive features of 
Dallas and of the Texas Centennial Central 
Exposition. He stated that the celebration 
of the 100th anniversary of Texas coincides 
with the celebration of the 95th anniversary 
of Dallas. 

Vice-President Blaisdell then introduced 
President MacCutcheon, who presented a 
brief address on the subject: ‘‘Texas—The 
October Headquarters of the AIEE.” 
After paying tribute to the friendliness, en- 
thusiasm, and loyalty of the Institute’s 
leaders in the South West District, he said: 
“All of you have not realized that your 
Institute has 15,000 members, 26 national 
officers, 62 Sections, and 118 Student 
Branches; that last year was held a sum- 
mer convention with 39 technical papers, 
a winter convention with 59 such papers, 
and 2 regional conventions such as this 
where 30 papers were presented; and that 
in addition 20 technical conferences were 
held.” 

President MacCutcheon next called at- 
tention to some of the salient features of 
the meeting program, and then continued: 
“We are gathered here as engineers. What 
is an engineer? The dictionary states ‘one 
versed in or practicing any branch of engi- 
neering.’ This is not particularly helpful. 
From the same source: ‘a person who 
manages or carries through any enterprise,’ 
which seems too broad. I was led to ask 
several fellow engineers as to their under- 
standing of ‘What is an engineer?’ A chief 
draftsman states ‘an engineer is one who is 
trained to apply the theories of science to 
practical every-day problems.’ An engi- 
neer of long experience and an executive 
of a construction company believes: ‘an 
engineer is a man who can do with one 
dollar what any man can do with two.’ 
An assistant chief engineer of a manu- 
facturing company feels that an engineer is 
‘a man who through technical training and 


experience is able to consider a given set 
of facts and conditions relating to mate- 
rials, structures, or machines, and arrive at 
a logical, practical, and economical con- 
clusion.’ An engineer’s wife defines an 
engineer as ‘one whom it is difficult to live 
with, and impossible to live without.’ A 
chief engineer gave this conception: ‘An 
engineer is one who through training, study, 
and practice adapts and controls the mate- 
rials and forces of nature to the benefit of 
himself, his fellow engineers, and the rest 
of the human family.’ Possibly each: one 
of you can still better define an engineer. 
In a good engineer is required integrity, 
dependability, resourcefulness, forcefulness, 
adaptability, diplomacy, friendliness, broad- 
mindedness, and knowledge. We are at 
this convention to acquire in a still greater 
degree all of these qualifications. 

“To me the most outstanding character- 
istic of the Institute members is their free- 
will offering of service in the interest of 
their profession. As a notable example I 
point to the time so willingly given by your 
general chairman, Mr. Blaisdell, by his 
staff of 7 chairmen, and the 50 members: 
of their committees, in arranging for this 
convention and all its details, providing 
this opportunity for the public presentation 
of a large amount of engineering informa- 
tion. I wish to pay tribute to the authors 
who have so gladly given of their time, 
knowledge, and experience in the prepara- 
tion of these papers and to thank them for 
their contribution. : 

“Tn my mind the Institute may be likened 
to a great electrical network with many 
generating and distributing stations, tied 
together throughout Section, District, and 
national organization. Our output is engi- 
neering knowledge. Today the Dallas 
Section and the District 7 are carrying a 
peak load, feeding out through the network 
to every other District and Section. They 
have raised their voltage. The load is 
heavy, but the power factor is high... .” 

At the conclusion of this address, Vice- 
President Blaisdell introduced several Na- 
tional, District, and Section officers and 
then turned the meeting over for the con- 
duct of the technical part of the session. 


TECHNICAL SESSIONS 


The technical program for the entire 
meeting was carried out substantially as 
published in the September issue of ELEc- 
TRICAL ENGINEERING, page 1041. The 
paper by J. B. Hodtum, scheduled for the 
Tuesday morning session, was omitted 
because the author was unable to be present. 
The paper by C. H. Frier, scheduled for 
Monday morning, was presented on Tues- 
day morning. 

The papers were selected to be of par- 
ticular interest to members in the South 
West District. The excellent attendance 
at all technical sessions showed how well 
the committees had attained this objective. 
The presiding officers for the several sessions 
were: Monday morning, N. F. Rode, 
Agricultural and Mechanical College of 
Texas, College Station, and F. J. Meyer, 
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Oklahoma City, Okla.; Tuesday morning, 
D. H. Levy, Dallas, and L. C. Starbird, 
Dallas; Tuesday afternoon, O. S. Hocka- 
day, Fort Worth, Texas, and C. W. Mier, 
Dallas; Wednesday morning, D. D. Clarke, 
Kansas City, Mo., and M. H. Lovelady, 
San Antonio, Texas; Wednesday afternoon, 
J. B. Thomas, Fort Worth, and B. D. Hull, 
St. Louis, Mo. 

The varied program on Wednesday after- 
noon attracted an especially large audience 
and the presentation of the 2 technical 
papers and the illustrated lecture by Pro- 
fessor R. G. Kloeffler of Kansas State Col- 
lege, Manhattan, was followed with keen 
interest by the audience of nearly 300. 


LUNCHEON MEETING 
_ WirTH DaLvas ELEctTRIC CLUB 


One of the events of outstanding interest 
was the luncheon held jointly with the 
Dallas Electric Club on Monday, at which 
Doctor Matthew Luckiesh (A’11, M’15), 
director of the lighting research laboratory 
‘of the General Electric Company, Nela 

_ Park, Cleveland, Ohio, presented an address 
on the subject ‘‘Let’s See’ in a manner 
intensely interesting to all of the more than 
200 persons present, including a consider- 
able number of women. He discussed the 
development of artificial lighting and em- 
phasized the need for greatly improved 
illumination in the industries, on the high- 
ways, and in the home, in order to provide 
adequately for the higher speeds, more in- 
tensive work, and other conditions prevail- 
ing in modern civilization. He showed that 
less work is involved in seeing as the inten- 
sity of light is increased and that no one 
at present knows what is enough light. A 
strong plea for wider application of science 
in lighting was made. Lee Cook, chairman 
of the Dallas Section of the Institute, pre- 
sided at the luncheon. 


STUDENT TECHNICAL SESSIONS 


In parallel with the regular sessions of the 
meeting, student technical sessions were 
held on Tuesday morning and afternoon, 
with a total of 9 papers presented and an 
average attendance of more than 100. 
R. S. Hestand, chairman, Southern Metho- 
dist University Branch, Dallas, presided. 

The 9 papers presented at the 2 sessions 
were: 


1. Swort-WavE DIRECTIONAL-ANTENNA PER- 
FORMANCE, written by F. Q. Gemmill and E. Eber- 
hard, and presented by J. W. Howard, all of the 
University of Kansas, Lawrence. 

2. A HicH-VoL_TacE VacuuM-TUBE VOLTMETER, 
M. H. Brown, Texas Agricultural and Mechanical 
College, College Station. 


3. PossIBILITIES AND LIMITATIONS OF AIR Motors 


Analysis of Registration at Dallas Meeting 


Location 

Classi- District Other 

fication Dailas 7* Districts Totals 
MEIN DELS: 0. rors DOU crea OU»: « ssiske 7) AERC RG 152 
Students........ DOM LOS se eae ane.s eet vO 
Men guests... - 100) cise O2- - eciel- IOs erelerei 158 
Women guests.. 15...... 26...... Oateroun eae 44 
AS ZA Eye ar oioaiod telson CG S1Gitsacee SPAS GOT 


* Outside of Dallas Section. 
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FOR SMALL ISOLATED ELxEcTRIC PrLants, E. B. 
Ankenman, Kansas State College, Manhattan. 

4. REBUILDING FRACTIONAL-HORSEPOWER Mo- 
TORS FOR CAPACITOR START, E. W. Logan, Missouri 
School of Mines and Metallurgy, Rolla. 

5. EvrecrricaL METHODS OF ACOUSTICAL IM- 
PROVEMENTS OF BUILDINGS, H. O. Campbell, 
Oklahoma Agricultural and Mechanical College, 
Stillwater. 

6. THe Errectr oF CoppER-SULPHATE TREATMENT 
on Grounp Resistance, A. H. Duncan, Kansas 
State College, Manhattan. 

7. AN ELECTRICAL WIND DIRECTION RECORDER, 
R. B. Pearce, Texas Agricultural and Mechanical 
College, College Station. 

8. A Roviinc BALL SLrpMETER, J. H. Treadwell, 
Rice Institute, Houston, Texas. 

9. AIR CONDITIONING, J. L. McKinley, University 
of Arkansas, Fayetteville. 


The content and presentation of the 
papers by the students inspired many 
favorable comments among members of 
the Institute who attended these sessions. 
The students exhibited keen interest 
throughout the day as was shown by the 
attendance, the attention to the presenta- 
tions, and participation in the discussions. 


CONFERENCE ON STUDENT ACTIVITIES 


The District conference on student activi- 
ties was held as a luncheon meeting on 
Tuesday with Professor J. S. Waters, of 
Rice Institute, Houston, Texas, chairman 
of the District committee on student activi- 
ties, presiding. Each of the 14 Branches 
in the District was represented by its 
counselor, or chairman, or both, only one 
counselor and one chairman being absent. 
Branch counselors present were: 


W. B. Stelzner, University of Arkansas, Fayette- 
ville 

L. M. Jorgenson, Kansas State College, Manhattan 
E. W. Hamlin, University of Kansas, Lawrence 

I. H. Lovett, Missouri School of Mines and Metal- 
lurgy, Rolla 

M. P. Weinbach, University of Missouri, Columbia 
Chester Russell, Jr., University of New Mexico, 
Albuquerque 

A. Naeter, Oklahoma Agricultural and Mechanical 
College; Stillwater 

C. T. Almquist, University of Oklahoma, Norman 
J. S. Waters, Rice Institute, Houston, Texas 

H. F. Huffman, Southern Methodist University, 
Dallas, Texas 

H. C. Dillingham, Texas Agricultural and Mechani- 
cal College, College Station 

C. V. Bullen, Texas Technological College, Lubbock 
J. A. Correll, University of Texas, Austin 


Branch chairmen present were: 


R. C. Eldridge, Jr., University of Arkansas, Fa- 
yetteville 

H. H. Harris, Kansas State College, Manhattan 

J. W. Howard, University of Kansas, Lawrence 

E. W. Logan, Misseuri School of Mines and Metal- 
lurgy, Rolla 

C. E. Owings, University of Missouri, Columbia 
Robert Bonney, University of New Mexico, Albu- 
querque 

Wm. C. Russell, Oklahoma Agricultural and Me- 
chanical College, Stillwater 

W. F. Hildebrand, University of Oklahoma, Nor- 
man 

W. E. Brice, Rice Institute, Houston, Texas 

R. S. Hestand, Southern Methodist University, 
Dallas, Texas 

J. J. Caldwell, Jr., Texas Technological College, 
Lubbock 

I. E. Caldwell, University of Texas, Austin 

W. W. Otis, Washington University, St. Louis, Mo. 


The conference was attended also by F. 
Ellis Johnson, chairman of the Institute’s 
committee on Student Branches. 

After a discussion of the problems in- 
volved in awarding prizes for the student 
technical papers presented at this meeting, 
it was decided that, because of late receipt 
by the judges of copies of the papers, the 


awards would be deferred for about 3 weeks. 
In a general discussion regarding prizes, it 
was suggested that the publication in ELEc- 
TRICAL ENGINEERING of outstanding stu- 
dent papers would be the most desirable 
type of prize that could be offered and 
would be more effective than the publica- 
tion of papers written especially for stu- 
dents. 

Each Branch chairman reported briefly 
regarding the principal activities of his 
Branch. These reports showed a keen 
interest in the conduct of Branch activities 
and extensive knowledge of the many fea- 
tures involved. Considerable emphasis was 
placed upon the importance of refreshments 
as an incentive toward increased attendance. 
Methods of increasing interest, discussed 
also, included provisions for speakers of 
recognized ability several times a year as 
well as talks by members of the Branches. 

Professor Chester Russell, Jr., of the 
University of New Mexico, Albuquerque, 
was elected chairman of the District com- 
mittee on student activities to take office 
on May 1, 1937. 

President MacCutcheon complimented 
the counselors and students upon the excel- 
lent type of the conference. 


District EXECUTIVE COMMITTEE MEETING 


The executive committee of the South 
West District met at luncheon on Wednes- 
day with the chairmen of all 6 Sections in 
the District present; in addition, the secre- 
taries of 2 Sections and the vice-chairman 
of 1 were present. Those present were: 


. T. Blaisdell, vice-president, South West District 
. C. Starbird, secretary, South West District 

. R. Fritz, chairman, St. Louis Section 

L. Maillard, chairman, Kansas City Section 

D. Freeman, chairman, Oklahoma City Section 
E. Bathe, secretary, Oklahoma City Section 

E. Cook, chairman, Dallas Section 

S. Hockaday, secretary, Dallas Section 

. G. Conroy, chairman, San Antonio Section 

M. C. Hughes, chairman, Houston Section 
A. M. MacCutcheon, national president 
H. H. Henline, national secretary 

M. H. Lovelady, vice-chairman, San 
Section 


Vice-President Blaisdell presided and 
District Secretary Starbird recorded the 
proceedings. 

Professor Joseph W. Ramsay, of the 
University of Texas, Austin, was selected 
to represent the District on the national 
nominating committee. The chairman of 
each Section discussed briefly the methods 
used by his Section to increase interest in 
the meetings and membership in the Sec- 
tion. These reports were followed by a 
discussion of local membership in Sections, 
technical committees in District and Sec- 
tions, and the desirability of publishing 
more articles of broad interest in ELECTRI- 
CAL ENGINEERING. President MacCutch- 
eon urged that the Sections try to interest 
their members in the activities of the 
national technical committees to such an 
extent that they will submit suggestions 
regarding committee personnel. 


ol oils 


BOMORP 


Antonio 


ENTERTAINMENT AND INSPECTION TRIPS 


The committees offered a well-balanced 
program of inspection trips and special 
entertainment features, with the Texas 
Centennial Central Exposition serving as 
the principal attraction. Nearly 80 regis- 
tered for the inspection of the electrical 
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features of the Centennial on Monday after- 
noon and for the inspection of the exterior 
illumination on Monday evening. Also 
on Monday evening about 225 saw the 
400th showing of the Cavalcade of Texas, 
a pageant depicting on a mammoth outdoor 
stage the principal events in the history of 
Texas under 6 flags. This performance 
was dedicated to the members of the Insti- 
tute and was so announced. 

In addition to the visit to the exposition, 
there were several inspection trips on Mon- 
day afternoon which were of especial in- 
terest to power and telephone engineers, 
including the 85,000-kw generating station 
and the underground network system of the 
Dallas Power & Light Company, a low- 
cost farm-electrification project of the 
Texas Power & Light Company, and the 
toll office of the South Western Bell Tele- 
phone Company. 


The dinner dance on Tuesday evening 
was attended by 268 and was a most enjoy- 
able occasion. On Wednesday afternoon 
a group went to Fort Worth by special 
bus to attend the Frontier Centennial 
Exposition, including a showing of the 
spectacular Casa Mafiana musical revue. 
The program of additional events for the 
women was comprehensive and attractive, 
including several showings at the Centen- 
nial, tea on the Chrysler Roof, and others. 

In commenting upon the program of 
entertainment features, the entertainment 
committee said: ‘The most outstanding 
point in connection with the entertainment 
program was the friendly and enthusiastic 
spirit shown by the members and 
guests... .”” This response from the partici- 
pants only reflected the excellence of the 
whole program and the effective manner in 
which it was executed. 


Electrical Insulation Is Subject of 
Continued Study by National Research Council 


For the ninth annual meeting of the 
National Research Council’s committee 
on electrical insulation, some 110 or more 
chemists, physicists, electrical engineers, 
and others interested in the ramified subject 
of dielectric research gathered in Cam- 
bridge at the Massachusetts Institute of 
Technology, November 5-7, 1936. Bound 
together by a common interest in the im- 
provement of electrical insulating materials 
and methods, this loosely organized group 
has grown by wholiy natural processes from 
the meager beginning initiated 8 years or so 
ago by a smail group of farsighted leaders 
who saw the subject as one of fundamen- 
tal importance to the electrical industry. 
These annual meetings, in addition to serv- 
ing as a medium for the exchange of new 
information and for the frank discussion of 
new problems and new phases of old prob- 
lems, also have served effectively as some- 
thing of a proving ground for almost every- 
thing within the scope of the subject from 
new theories to new synthetic products. 

Of interest and significance in connection 
with the evolution of this work is the in- 
creasing participation of, and the important 
contributions of the chemist and the physi- 
cist to a problem commonly regarded not so 
long ago as being largely mechanical. 
Through the committee important ad- 
vances have been made toward a co-ordina- 
tion of efforts in and a correlation of re- 
sults from many related fields. These 
trends have been noticeable for some time, 
but seemed quite pronounced this year. 

Representing MIT as official host, Dr. 
Vannevar Bush (A’15, F’24) dean of engi- 
neering and vice president of MIT, and 
this year’s chairman of the division of 
engineering and industrial research of the 
National Research Council, delivered the 
address of welcome, encouraging the com- 
mittee in the conduct of its work. Co- 
founder and continuing chairman, Dr. J. B. 
Whitehead, dean of the school of engi- 
neering at Johns Hopkins University and 
past-president of the AIEE (1933-34), pre- 
sided at the technical sessions. 
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FLUORESCENT MICROSCOPY 


Other features of the program included 
several subcommittee and informal group 
meetings for the discussion of special prob- 
lems, the annual dinner meeting held 
Thursday evening at the Copley Plaza 
Hotel, Boston; a luncheon Friday noon 
tendered by MIT at its Walker Memorial, 
and a personally conducted inspection of 
the MIT laboratories. At the Thursday 
dinner meeting, MIT Professor Ernst A. 
Hauser, presented a most amusing and 
illuminating demonstration lecture on the 
subject of ‘“‘colloids’’ as they do or may have 
a bearing upon the further development of 
electrical insulating materials. He also 
revealed something of the possibilities of 
the art of “fluorescent microscopy,” by 
means of which the researcher “is enabled 
to make direct observational measurements 
of many phenomena otherwise mathe- 
matically difficult or impossible to deter- 
mine or predict . . .can observe and directly 
measure the character and extent of emulsi- 
fication by observation of the fluorescence 
of the interfaces. . . .”’ Also, a showing of 
Prof. H. E. Edgerton’s famous high speed 
motion pictures was made, demonstrating 
their adaptability to research problems. 


FuLL TECHNICAL PROGRAM 


A total of 26 titles representing the 
efforts of 35 authors appeared on the pro- 
gram for the 3 technical sessions. For 
those who may be interested in following 
some phases of this work further, the com- 
plete list of titles and authors is printed 
herewith. Of these, Doctor Whitehead’s 
annual report has been published in ELEc- 
TRICAL ENGINEERING (November 1936, pages 
1180-5) and papers by Doctor Bafios and 
by Professor Dawes and Mr. Reiter covering 
the scope of the work reported on by them 
are now on the docket for publication in 
forthcoming issues of ELECTRICAL ENGI- 
NEERING; Dr. Race’s paper may be found 
on pages 1347-56 of this issue. Many 


other subjects represent extensions of work 
in fields previously reported in AIEE 
papers, or work that is likely to be covered 
by future papers if and when the informa- 
tion has been developed to a point war- 
ranting such treatment. 


Theory of Dielectrics 


RECENT PROGRESS IN RESEARCH (annual report of 
chairman), J. B. Whitehead (A’00, F’12, past- 
president) Johns Hopkins University, Baltimore, 
Md. 


THEORY OF DIELECTRIC CONSTANT OF SOLIDS, 
J. H. VanVleck, Harvard University, Cambridge, 
Mass. 

Author stated that the interaction of dipoles is in 
fact a kinetic problem that should be handled by 
methods of statistical mechanics. He has at- 
tempted to do this, and produced some evidence 
tending to explain apparent inconsistencies be- 
tween theory and experiment. 


Tue DIELECTRIC PROPERTIES AND THE CONSTITU- 
TION OF Liguips, Hans Mueller, Massachusetts 
Institute of Technology, Cambridge. 


A discussion of the same [above item] difficulty in 
the case of liquids and stated that if a translation as 
well as a rotation of the polar molecule be con- 
sidered, some of the discrepancies of experiment 
are accounted for. 


RELATION BETWEEN DIELECTRIC CONSTANT AND 
DENSITY IN COMPRESSED GaSES, F. G. Keyes and 
J. L. Oncley, Massachusetts Institute of Tech- 
nology, Cambridge. 

A third method of approach to the problem of 
determining quantities for use in Lorentz’s formula. 


Diro_e ROTATION IN CERTAIN ORGANIC SOLIDS, 
A. H. White, Bell Telephone Laboratories, New 
Viork, No 7 


Data tending to show that in some types of mole- 
cules there is free orientation of dipoles, while in 
others the structure is such as to preclude such 
motion, 


LIMITATIONS OF THE VON SCHWEIDLER METHOD OF 
A-C Computation, A. Bafios, Jr. (A’31) Massa- 
chusetts Institute of Technology, Cambridge. 


A discussion of the use of von Schweidler’s theorem 
in correlating a-c and d-c data, as used by Dr. 
Whitehead in several researches. He showed 
mathematically that while 3 terms of the series are 
sufficient for loss correlation, as used by Dr. 
Whitehead in predicting a-c losses from d-c data, 
3 terms would not be at all sufficient for correlation 
of capacitance. [See pages 1329-37] ; 


PROPERTIES OF VACUUM INSULATION, J. G. Trump 
(A’31) Massachusetts Institute of Technology, 
Cambridge. 


A description of some experiments on the use of 
vacuum as an insulator, his work being with static 
electricity. With a pressure of 0.00004 milli- 
meter of mercury the breakdown strength between 
stainless steel electrodes is about 5 million volts per 
centimeter at 0.02 millimeter separation, dropping 
down to 100,000 volts per centimeter at 0.70 
millimeter separation. Pressure of 0.0005 millime- 
ters of mercury is as good an insulator as better 
vacuum. With pressures as low as this the limita- 
tions have to do with the materials of the surfaces 
of the electrode. 


DigevEecrrRic Loss in AIR CONDENSER, A. V. Astin, 
Bureau of Standards, Washington, D. C. 


A report on work being done at the Bureau of 
Standards on the power factor of 3-electrode air 
capacitors. The values of power factor found 
were in the range of 0.0001 to 0.000001. The loss 
is not due to the gas itself, but to a surface condi- 
tion of the electrodes. Measurements made on 
the same plates with variable separation indicate 
that the film may be represented as a series re- 
sistance. Lowest power-factor values were ob- 
tained with gold and nickel, highest values with 
aluminum. No data were given on monel metal 
or stainless steel, which are being used by other 
people on the assumption that they have very low 


_losses, 


Oxidation in Insulating Liquids 


STABILITY OF SATURANTS FOR SOLID-TYPE PAPER- 
INSULATED Cases, G. M. L. Sommerman (A'31) 
American Steel & Wire Company, Worcester, 
Mass, 


Oils containing rosin are generally more stable 
than oils without rosin. Metal decreases the 
stability of oil, the effect being less marked, how- 
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ever, in oils of low viscosity index (naphthenic 
base). Gassing and wax formation under stress 
is less pronounced in oils rich in naphthenic or 
aromatic compounds, 


OXIDATION OF HyDROCARBONS AS INFLUENCED BY 
ELECTRODELESS DISCHARGE, N. A. Milas, Massa- 
chusetts Institute of Technology, Cambridge. 


A chemical explanation of oxidation. 


CHEMICAL AND ELECTRICAL STUDIES OF OIL OxIDA- 
TION, J. C. Balsbaugh (A’23, M’35), R. G. Larsen, 
and D. A. Lyon (A’29), Massachusetts Institute 
of Technology, Cambridge. 


A report of results of oxidation under direct con- 
tact with oxygen. No strict correlation found be- 
tween power factor and any definite oxidation 
product, the best correlation being with total oxy- 
gen absorbed by the oil. One important difference 
between the method used in this investigation and 
those of most previous investigations is that the 
oxidation products were maintained in contact 
with the oil. Authors mentioned that the de- 
gassing of a sample that had a power factor of 4 
per cent resulted in reduction of the power factor to 
0.5 per cent. 


PROGRESS REPORT ON SOME CHEMICAL CHANGES 
ASSOCIATED WITH OXIDATION OF INSULATING OIL, 
R. N. Evans, Brooklyn Edison Company, Brook- 
lyn, N. Y. 
A description of tests in which oil was deteriorated 
_ by ultra-violet radiation, the measure of deteriora- 
tion being the amount of acid formed. Reported 
that where no oxygen is present, no acid is formed. 
Copper in the oil accentuates the effect. Paper in 
the oil reduces the effect. 


Gas EvorurTion IN MINERAL O1Ls WHEN SuB- 
JECTED TO ELxEcrrRIcAL DiscHarGE, L. J. Ber- 
berich (A’30) Socony-Vacuum Oil Company, 
Paulsboro, N. J. 


Data from tests on gassing of oil under stress, the 
electrical discharges being chiefly in a gas space 
above the oil. In general it was found that the 
more refined the oil, the more rapid the gassing. 
Addition of 0.2 gram of paper in the form of a 
powder to 70 cubic centimeters of oil greatly in- 
creased the gassing. A mixture of highly refined 
with lightly refined oil gave results closer to those 
for the lightly refined oil. Comparison of oils of 
naphthene base with those of paraffine base showed 
little difference in respect to gas formation. The 
gas evolved consists of from 80 to 90 per cent hydro- 
gen, less than 1 per cent carbon dioxide and the 
rest chiefly combustible gas. 


Or OxrpaTIon, R. W. Dornte, General Electric 
Company, Schenectady, N. Y. 


Author stated that oils fall into 3 classes with re- 
gard to oxidation: (1) those in which the rate of 
oxidation increases with time, indicating presence 
of an inhibitor; (2) those in which the rate is con- 
stant; and (3) those in which the rate decreases 
with time, indicating using up of reagent. Addi- 
tion of copper enormously increases the rate of 
oxidation, whereas addition of iron, tin, or lead 
increases the rate only slightly. Principal prod- 
ucts of oxidation of oil are water and carbon dioxide. 


OXIDATION AND PoweR Factor IN INSULATING 
Om, J. B. Whitehead. 


Authors oxidized at 125°C. oil of the type used 
in oil-filled cables and measured a number of physi- 
cal, chemical, and _ electrical characteristics. 
Among others, they found linear relations between 
oxygen absorption and time, acid number and time, 
carbon dioxide formed and time, power factor and 
acid number, final d-c conductivity and acid num- 
ber. Dielectric constant increased 5 per cent when 
acid number reached 0.2, but started down again 
as acid number increased. Ratio of d-c to a-c 
resistivity ranged from 250 for fresh oil to about 7 
for the most oxidized oil, the power factor of which 
was 1.3 per cent at 45°C., at which temperature all 
electrical measurements were made. 


SorPTION OF SOME ORGANIC ACIDS FROM OIL By 
Parser, J. D. Piper, N. A. Kerstein, and A. G, 
Fleiger, Detroit Edison Company, Detroit, Mich. 


Authors stated that anhydrous oxidation products 
produce no increase in power factor, provided they 
are soluble in the oil. Acid increases the power 
factor markedly. Presence of paper in the oil 
makes the increase with acid much more marked 
because of sorption of acid by the paper. 


Tue INFLUENCE OF MOISTURE ON THE D-C Con- 
DUCTIVITY IN IMPREGNATED PAPER, D. A. McLean 
and G. T. Kohman, Bell Telephone Laboratories, 
New York, N. Y. 


Concerns the effect of moisture on the conductivity 
of unsaturated paper. The moisture content of 
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the paper was determined by heating to 150°C, 
evacuating and trapping the moisture. The paper 
used was standard capacitor paper and voltages 
up to 40 kilovolts per millimeter (1,000 volts per 
mil) were used, Exposure to various degrees of 
humidity showed enormous increase of conductivity 
with per cent relative humidity. Increase of con- 
ductivity with time for high moisture content was 
noted, but not explained. 


Insulating Materials and Practice 


RESEARCH IN RUBBER INSULATION, C. R. Boggs, 
Simplex Wire and Cable Company, Cambridge, 
Mass. 


Reports that, after much research, selenium can 
now be used satisfactorily as a vulcanizing agent. 
If rubber is de-proteinized, its water absorption 
characteristics are greatly improved. Author 
stated that the best rubber insulation known is de- 
proteinized vulcanized latex, as it has high dielectric 
strength, low power factor, low specific inductive 
capacity, high insulation resistance, and good water- 
absorption characteristics. 


CorONA CHARACTERISTICS OF RUBBER INSULATED 
Wires, E. B. Paine (A’04, M’12) and H. A. Brown 
(A’16, M’26) University of Illinois, Urbana. 


Effect of corona on rubber discussed, especially in 
relation to the high-frequency transient voltages re- 
sulting from corona discharges. 


Power Factor CHANGES OF SOME COMMERCIAL 
RUBBER INSULATIONS WITH AGING, W. J. Warren 
(A’34) University of Illinois, Urbana. 


See preceding item. 


Korosgat—A New Synrueric, Evastic MarTeE- 
RIAL, H. E. Fritz, B. F. Goodrich Company, Akron, 
Ohio. 


Data on a synthetic “‘rubber-like’’ material, for 
which is claimed good mechanical and fair elec- 
trical characteristics; also good heat-resistance. 
This material has been used for insulated cable up 
to 600 volts. 


DuPRENE, J. B. Miles, Jr., E. I. duPont de Ne- 
mours & Company, Wilmington, Del. 


Miles (duPont) gave electrical data on a synthetic 
“yubber-like’’ material ‘‘DuPrene,’’ He said the 
electrical properties of which are said to be much 
inferior to rubber, though it is far superior in a 
great many other ways. 


THe DIELECTRIC CHARACTERISTICS OF SUSPENSION 
INSULATOR Disks, ©. L. Dawes (A’09, M’28) and 
Reuben Reiter, Harvard University, Cambridge, 
Mass. 


Data concerning the effects of humidity, corona, 
and mechanical stress on the electrical character- 
istics of porcelain and glass units. 


THE RELATION OF SURFACE ELECTRICAL RESIST- 
ANCE TO CHEMICAL DURABILITY, E. M. Guyer, 
Corning Glass Works, Corning, N. Y. 


CALORIMETRIC MEASUREMENTS OF DIELECTRIC 
Loss at HicH FREQUENCY AND HiGcH VOLTAGE, 
H. H. Race (A’24, M’31) General Electric Com- 
pany, Schenectady, N. Y. 


A description of a method of measuring dielectric 
losses in insulators at 1,000,000 cycles and 10- 
kilovolts by means of a calorimeter. Instead of 
allowing the calorimeter to come to a steady condi- 
tion, which wouid require several hours, makes 
use of differential temperature between 2 thermo- 
couples as an indication of heat generated. This 
permits a measurement to be made in a few minutes. 
Calibration is by direct current. Results ob- 
tained are far more consistent than any one could 
have expected. [See pages 1347-56] 


CaBLE RESEARCH IN EUROPE VERSUS CABLE 
RESEARCH IN AMERICA, K.S. Wyatt (A’32) Detroit 
Edison Company, Detroit, Mich. 

Some of the high lights of a recent trip to Europe, 
stressing the importance of more laboratory con- 
trol of processes of manufacture, 


A. C. Walker of the Bell Telephone Laboratories 
suggested a theory as te how moisture is held in 
fibrous insulation. Author drew a picture of what 
he thought a cotton fibre must look like and on this 
basis computed moisture content under different 
conditions. The check with measured values was 
very good. 


Through the courtesy of Dr. R. W. Atkin- 
son (A’09, F’28) director of high-voltage 
research for the General Cable Corp., Perth 
Amboy, N. J., the foregoing summary and 
comments prepared by Dr. Louis Meyerhoff 
are made available. 


Columbia University 
Scholarship Not Awarded 


The special tuition scholarship at Colum- 
bia University placed at the disposal of 
the AIEE each year, which has been 
awarded to some student for many years 
past, was peculiarly affected by the rising 
barometer in business conditions which re- 
sulted in not one definite application for the 
scholarship for the academic year 1936-37, 
according to Committee Chairman W. I. 
Slichter (A’00, F’12, National treasurer). 
There were several inquiries early in the 
spring, but each of these inquirers failed to 
send in the definite information required 
of contenders, that is, academic record and 
supporting letters; this fact was inter- 
preted by the committee to mean that the 
individuals had found employment that 
was more attractive to them than advanced 
study. 

An analysis of this condition shows that it 
is quite logical but that it does not mean 
that the interest in this scholarship will not 
revive later. Many students have carried 
their education to completion at a severe 
financial sacrifice to their families, and even 
to the extent of incurring indebtedness; 
these students naturally feel that they 
should begin to earn and repay these ob- 
ligations as soon as possible. It is ex- 
pected that with still further improvement 
in economic conditions many students will 
be able to complete their regular college 
work and take an additional year of gradu- 
ate work without serious financial burden 
to their families. 


ECPD Receives Grant 


From Carnegie Foundation 


On October 22, 1936, the trustees of the 
Carnegie Corporation of New York re- 
solved that ‘“‘the sum of $16,000 be, and it 
hereby is appropriated to the Carnegie 
Foundation for the Advancement of Teach- 
ing, toward support of the program of the 
Engineers’ Council for Professional Devel- 
opment.” 

Continued Carnegie interest in engineer- 
ing activities thus is evidenced once again. 
It began in 1903 with a donation of $1,050,- 
000 by Andrew Carnegie for erection of the 
Engineering Societies Building at 33 West 
39th Street, New York City. In later 
grants the Carnegie Corporation has gener- 
ously supported the Society for the Promo- 
tion of Engineering Education in its investi- 
gation of engineering schools extending over 
a period of 5 years, as well as the summer 
schools for engineering teachers instituted 
and maintained by that organization. 

The present $16,000 grant is made in 
support of the work of ECPD for the year 
October 1, 1936, to September 30, 1937. 
Additional appropriations in the amount of 
$3,450 have been made to Council by The 
Engineering Foundation. Rental cost for 
Council’s office recently opened in the Engi- 
neering Societies Building is being met by 
3 of the participating societies, the Ameri- 
can Society of Civil Engineers, The Ameri- 
can Society of Mechanical Engineers, and 


1395 


the AIEE. Including this rental value a 
total fund of more than $21,000 is available, 
of which $19,450.will be applied directly to 
the advancement of Council’s program for 
enhancing the professional status of the en- 
gineer through the co-operative support of 
the national organizations directly repre- 
senting the professional, technical, and 
legislative phases of the engineer’s life. 


In connection with the newly opened office 
of ECPD, Brigadier-General R. I. Rees,* 
retiring assistant vice-president of the 
American Telephone and Telegraph Com- 
pany, had planned to devote full time to his 
duties as vice-chairman of the Council. 
General Rees was also chairman of the ECPD 
committees on professional training and 
ways and means. 


The Institute Budget for 1936-37 


IrorMaTION regarding the finances 
of the Institute is now furnished to the mem- 
bership on 2 occasions: first, in the report of 
the board of directors at the close of the 
fiscal year when complete financial state- 
ments are presented by certified public 
accountants, and, second, with the adop- 
tion by the board of a budget of income and 
expenditures for the appropriation year 
beginning October 1, as recommended by 
the finance committee. 

The financial reports for the fiscal year, 
which ended April 30, 1936, were published 
in due course in the July 1986 issue of 
ELECTRICAL ENGINEERING. The following 
data are now presented to the membership 
for its information regarding the scope of 
the appropriation budget for 1936-37 as 
adopted by the board of directors at its 
meeting on October 20, 1936. 


PUBLICATIONS 


Electrical Engineering-Transactions. In 
the tabulation that forms a part of this 
article it may be noted that approximately 
$68,600 was expended in the preceding 
appropriation year for text matter; of 
this sum, $3,750 was required for the 
TRANSACTIONS. The budget for that year 
originally contemplated the publication of 
1,400 pages of such material. Subsequent 
developments made it necessary to revise 
the appropriation to take care of increased 
technical material, the total text pages 
reaching 1,472 with the publication of the 
September issue. 

The budget for 1936-37 provides for the 
publication of approximately 1,500 pages 
of technical papers, discussions, special 
articles, and news of Institute and related 
activities, and contemplates an increase 
in the number of such pages devoted to 
special articles considered to be of broad 
interest to the membership. The publica- 
tion committee is planning a study of 
the present publication policy with a view 
to submitting recommendations at a later 
date as to what changes, if any, should be 
made in order to improve the service which 
ELECTRICAL ENGINEERING is rendering to 
all members of the Institute. 

The expenditures for Institute TRans- 
ACTIONS reflect the cost of publishing in 
bound form the same text pages which have 
appeared in ELECTRICAL ENGINEERING for 
the corresponding period, the publication 
being distributed only to members and 
others who maintain a subscription at the 
prescribed rates. The 1936 volume of the 
TRANSACTIONS should be ready for ship- 


ment to such subscribers early in January 
1937. 
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Yearbook. There having been sufficient 
indication that a revised edition of the 
YEARBOOK is again desired by the member- 
ship each year, the present budget provides 
for the publication of a 1937 edition, 
containing about the same material as 
heretofore and corrected to give business 
and mailing addresses as of March 1, 1937. 
A return card was recently circulated to 
the entire membership for the purpose of 
verifying the address records at Institute 
headquarters, and all members are urgently 
requested to return this card with informa- 
tion regarding present business affiliations 
and any necessary changes in mailing ad- 
dresses. 

Copies of the Institute YEARBOOK are 
available to members of the Institute upon 
receipt of request, an announcement ap- 
pearing in the news column of ELECTRICAL 
ENGINEERING when the book is ready for 
distribution. 


INSTITUTE MEETINGS 


The appropriations for national and 
District meetings absorb the expenses for 
publicity (announcements to the member- 
ship other than those issued in ELECTRICAL 
ENGINEERING), meeting supplies, such as 
convention badges, printed forms, meeting 
programs, and other such items, and the 
traveling expenses of any members’ of 
headquarters staff who may attend the 
meeting. The new budget provides for 
such expenses for the winter convention to 
be held in New York City in January 
1937 and the summer convention in Mil- 
waukee in June 1937 and also provides for 
the South West District Meeting held in 
Dalias, October 26-28, 1936, and the North 
Eastern District Meeting to be held in 
Buffalo, May 5-7, 1937. In addition, 
provision is made for items of expense 
incidental to the 1937 Pacific Coast Con- 
vention, which will become payable during 
this appropriation year, as well as routine 
expenses incurred at Institute headquarters 
and chargeable directly to meetings’ 
activities. 


INSTITUTE SECTIONS 


In the appropriation for Institute Sec- 
tions, each Section is assured of financial 
support to the maximum extent provided 
for in the Institute by-laws, that is, a 
flat appropriation of $175, plus an allowance 
of $1 for each active member located within 
the territory of the Section on August 1. 
Traveling expense allowances for Section 


* Deceased November 23, 1936; see news item 


elsewhere in this issue, 


representatives are referred to elsewhere in 
this article; other expenses, as indicated in 
the budget tabulation, comprise the cost 
of miscellaneous supplies furnished to Sec- 
tions by Institute headquarters, as well as 
that proportion of the staff payroll which 
is allocated to Section activities. 


INSTITUTE BRANCHES 


Routine expenditures incidental to the 
meetings of Institute Branches have been 
provided for to the same extent as last 
year; a slight increase has been allowed 
in the appropriation for miscellaneous 
printing and supplies furnished to Branches 
by Institute headquarters, to which ap- 
priation is also charged that portion of 
headquarters salary expense incurred be- 
cause of services performed for the Branch 
organizations. 


ADMINISTRATION 


As may be noted from the budget tabula- 
tion, more than 3/4 of the appropriation for 
administrative purposes is allocated to 
salaries—41 per cent of the total salaries 
paid to 20 members of headquarters staff, 
in addition to the full salaries of the national 
secretary and office manager, being charged 
to the appropriation. The Institute still 
maintains the smallest staff per 1,000 
members of any of the Founder Societies. 

Other items in this appropriation are 
provided for to the same extent as last year, 
and cover such expenditures as postage, 
printing and mailing of general announce- 
ments to the membership, telephone and 
telegraph services, insurance, office equip- 
ment, stationery and printing, miscellane-- 
ous supplies, and services not chargeable 
to specific appropriations. 


TRAVELING EXPENSES 


The budget again provides for reim- 
bursement of substantially all the expense 
incurred for railroad. fare, Pullman accom- 
modations, and meals en route, in the 
traveling allowance to District, Section, and 
Branch representatives, to members of 
the board of directors, and to members of 
the national nominating committee. The 
traveling allowances are reimbursed on 
a uniform rate of 7!/2 cents per mile, one 
way, mileage being obtained from the 
Official Table of Distances compiled by the 
United States War Department. The 
authorized traveling expense appropriations 
are as follows: 


1. For each vice-president of the Institute to one 
meeting each year of each Section and each Student 
Branch within his geographical District, it being 
understood that joint meetings of Sections and 
Branches will be arranged as far as may be expe- 
dient. 


2. For the vice-president, the District secretary, 
and chairman of the District committee on Student 
activities, and either the chairman or the secretary 
of each Section within a District (or, if neither can 
attend, an alternate chosen by the executive com- 
mittee of the Section) to one meeting each year of 
the District executive committee held within the 
District. 


3. For the vice-president and secretary of each 
District, the counselor and the incoming Student 
chairman of each Branch within the District, and 
the appointed member of the committee on Student 
Branches located in the District, to one conference 
on student activities within the District each year 
under the auspices of the committee on student 
activities of the District. Alternates for counselors 
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fable I—Institute Income and Expenses for 
Year Ending September 30, 1936, and 
Sudget for Year Ending September 30, 1937 


Actual Income Budget for 
and Expenses Year 
Year Ending Ending 
9/30/36 9/30/36 
ncome 
Jues.. .- +++... - $187,562.84. .. . $195,125.00 
fidents’ oak 9,604.50. ... 9,500.00 
tntrance fees. . 6°573:85.4. 6,000.00 
‘ransfer fees. . 12314:00-5,5- 1,250.00 
\dvertising.. ; 25,653.10... 26,500.00 
TLEC. ENGG.- —non- 
nem. subscriptions.... 13,045.68.... 13,000.00 
TRANS. subscriptions. . Wad bae 7,000.00 
Miscellaneous sales.... 6,707.19.... 6,000.00 
Badge sales........... 1,676.50... 1,606.00 
nterest on securities. . 8,483.63... . 8,500.00 
fotal................$267,732.83. .. . $274,475.00 
xpenses 
ublications 

Hhext matter..-..... 68,599.19.... 71,180.00 

Advertising section.. 11,077.38... 11,500.00 

BViear bOOK <)s.6:0.0.00060 6,351.28. ... 6,560.00 
nstitute Meetings.... 10,837.68.... 12,250.00 
nstitute Sections 

Appropriations...... 20,818.94.... 23,000.00 

Tray. exp. conven- 

tion delegates..... 1LOi207:37 0 see 4,300.00 

Other expenses...... 5,630.32. ... 5,950.00 
nstitute Branches 

Meetings expense... 924.03... 1,000.00 

Trav. exp. istrict 

conferences on 

student activities. 4,887.11.... 6,200.00 
Trav. exp. counse- 

lor delegates to 

BONY. . 6's ates s as 1,635.56. ... 800.00 

Other expenses...... 172.62 rare 1,950.00 
\dministration 

Salary expense...... 32,139.50.... 32,500.00 

Postage. . : yD Wy ROR LIES 3 3,400.00 

Stationery “and 

printing. . 35199:87.. o. « 3,300.00 
Office eecipitents 606.64.... 500.00 
Telephone, tele- 

‘graph, traveling, 

insurance, sup- 

plies, and misc. 

service expenses... 3,272.26... . 2,900.00 

Aembership Com- 

BASELOE crore eicierorrisl ss) 0v< 6,946.72.... 7,800.00 
tandards committee. . 5,238.95.... 8,245.00 
‘inance committee.... 1,600.00.... 1,600.00 
mer. Standards Assn. . 1,000.00.... 1,375.00 
mer. Engg. Council... 11,500.00.... 12,000.00 
‘gineering Societies 

Employment Serv- 

C2 opopeanwone SOI QUTDG dis iene 1,973.00 
raveling exp. general 

Board of directors... 6,695.81. ... 7,785.00 

Geographical Dists. . 1,616.72.... 3,150.00 

National Nominat- 

ing committee.... 652.06.... 900.00 
President’s appro- 

priation.. . 1,245.35.... 2,000.00 

AIRE represen- 

EACLVES vyceut ss oir «vip 24.00.... 100.00 

‘nited Engg. Trustees 

Building assess- 

AMONG.) «15,0100 * te 5,882.28.... 5,882.00 

E.C.P.D. space as- 

sessment. $4 630.00 
Deprec. ends re- 

newal fund as- 

sessment. bot DE ee 5,000.00 

Library enn A 8,759.64.... 8,790.00 

Library stacks...... DBD EST3 Cod aineepesc 
ther committees and 

misc. expenses...... 10,891.31.... 11,495.00 
eserve Capita] Fund 

BER BSCINGTE ee cielo! cis's:  eleve.eis's cinress! oe) 7,500.00 
BREA AIG te ay 0,0 (orare.0a,01¢, a5 $252,077.35 
xcess income, of 

which board of di- 

rectors have au- 

thorized invest- 

ment of $7,500.00 

for Reserve Capi- 

fal Fund.......--..« 15,655.48 
ELM sccie'ie’ cht) gus cee $273,515.00 


. $267,732.83 
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nol authorized. The allowance is available to 
alternates for Branch chairmen only upon advance 
approval by the vice-president of the District in 
each case. 


4. For one delegate from each Section to the 
annual summer convention. 


5. For all District secretaries to the annual 
summer convention. 


6. For one Student Branch counselor from each 
District, to represent the committee on student 
activities of the District, to the annual summer 
convention. 


7. For all members of the national nominating 
committee to the annual meeting of the committee, 
held during the winter convention. 


8. For members of the board of directors and the 
executive committee to meetings of the respective 
bodies. 


It will be noted that the traveling expense 
budget again provides for the attendance 
of the District secretaries at the conference 
of officers, delegates, and members held 
during the summer convention, an item 
omitted from the budgets of the past few 
years because of economic reasons; further- 
more, the board of directors also authorized 
an allowance of traveling expenses to each 
District conference on Student activities 
for the appointed member of the committee 
on Student Branches located in that 
District. 


OTHER ACTIVITIES 


The remainder of the budget comprises 
those items for which detailed explanations 
—hbeyond a statement of the appropriation 
or activity, the amount expended last year, 
and the anticipated expense for the present 
year—probably are unnecessary. Never- 
the less, brief comments regarding a few items 
may be of interest. For example, the Insti- 
tute is prepared to meet its share of an 
annual increase of $20,000 in the Deprecia- 
tion and Renewal Fund of United Engineer- 
ing Trustees, Inc., payments to this reserve 
from the operating revenues of U.E.T. 
having necessarily ceased in 1931. 

Incidental to the recent grant received 
by the Engineers’ Council for Professional 
Development from the Carnegie Founda- 
tion for the Advancement of Teaching, 
to be applied directly to the development 
of Council’s program for enhancing the 
professional status of the engineer, three 
of the national engineering societies have 
agreed to underwrite the expense for office 
rent of this undertaking; the budget of 
the Institute provides accordingly for its 
share of this expense. 

At its June 1936 meeting, the board of 
directors, upon recommendation of the 
finance committee, voted to increase the 
appropriation for American Engineering 
Council from $10,000 to $12,000 annually, 
and the 1936-37 budget assumes the con- 
tinuance of an annual contribution of the 
latter sum. 

Beginning on January 1, 1937, the num- 
ber of Institute representatives on the 
American Standards Association will be 
restored to three, unfavorable financial 
conditions having caused the withdrawal of 
one representative a few years ago. The 
budget provides for a proportionate in- 
crease in the assessment of American Stand- 
ards Association on that basis. 

Several projects of the AIEE standards 
committee for which funds were available 
in the 1935-36 budget did not materialize, 


with the result that there is a corresponding 
increase in funds for this activity provided 
for in the present budget. Two projects 
in particular, the revision of Standard 45 
(Recommended Practice for Electrical In- 
stallations on Shipboard) and the proposed 
new Standard on Electrical Definitions, will 
involve unusual expenditures this year. 
Other cases in which revised editions or new 
standards are contemplated are as follows: 


Measurement of Test Voltages in Dielectric Tests 
Railway Motors 

Transformers, Induction Regulators and Reactors 
Industrial Control Apparatus 


Graphical Symbols—17gl, 17g2, 17g3, 17g5, and 
17g6 under revision. Several will be reprinted 
during the year. 


Automatic Stations 

Electrical Measuring Instruments 
Insulators 

Indicating Instruments 

Electrical Recording Instruments 


Test Code for Transformers & Test Code for Syn- 
chronous Machines 


Test Code for D-C Machines 
Test Code for Induction Machines 


Upon the recommendation of the finance 
committee, the board of directors provided 
in last year’s budget for the engagement of 
investment counsel, on a yearly basis, to 
supervise and make recommendations re- 
lating to the management of the invest- 
ments of the Reserve Capital Fund and 
the special funds for which the Institute 
acts as trustee. It was felt that in view of 
the existing factors affecting the investment 
situation, which make it difficult for a 
layman to keep informed of changing 
conditions, such assistance would prove 
helpful in protecting the security of these 
investments. The 1936-37 budget provides 
for the renewal of our contract for another 
year, and also covers the customary annual 
audit of Institute accounts by certified 
public accountants. 

It is possible to dwell upon but briefly, 
in so short a presentation, the various fac- 
tors affecting the nature and relative im- 
portance of the items comprising the annual 
budget, and additional information regard- 
ing particular activities will be furnished 
upon request. The board of directors and 
finance committee endeavor each year to 
adopt a budget that places the proper 
emphasis on the different phases of Institute 
activities, and which limits the annual 
expenditures to the total of anticipated 
income for the corresponding period. Thus, 
the prompt collection of membership dues 
plays a most important part in carrying out 
the full program of Institute activities 
provided for in the budget, a situation 
which is fully appreciated by the member- 
ship, as evidenced by the unusually high 
percentage of active members at this time. 


North Central District 
Executive Committee Meets 


The executive committee of the Insti- 
tute’s North Central District (6) held its 
annual meeting in Denver, Colo., November 
2, 1936. Those in attendance were: R. H. 
Fair, vice-president, District 6; N. R. Love, 
vice-chairman, Denver Section; R. H. 
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Owen, secretary, Denver Section; H. M. 
Craig, chairmati, Nebraska Section; W. H. 
Gamble, chairman, District committee on 
Student activities; and T. H. Granfield, 
District secretary. President A. M. Mac- 
Cutcheon also attended the meeting and 
contributed materially to the discussions 
relating to Institute policies. 

L. N. McClellan, chief electrical engineer, 
United States Bureau of Reclamation, Den- 
ver, Colo., was unanimously chosen as the 
nominee for vice-president. A. L. Turner, 
chief engineer, Northwestern Bell Tele- 
phone Company, Omaha, Neb., was chosen 
to represent the District on the national 
nominating committee. The vice-president 
was authorized to appoint an alternate to 
represent the District in the event that Mr. 
Turner is not able to attend the meeting of 
that committee. 

W. D. Hardaway, superintendent, hydro- 
electrical production and _ transmission, 
Public Service Company of Colorado, Den- 
ver, was chosen to succeed himself as chair- 
man of the District committee on prize 
awards for papers presented during the 
calendar year 1937. Other members of 
this committee are to be appointed by the 
chairmen of the Denver and Nebraska Sec- 
tions, each chairman to appoint one member 
to represent his Section. 

There was some discussion concerning ac- 
tivities of the student Branches within the 
District, particularly with reference to the 
proposed student conference to be held at 
the South Dakota State College, Brookings, 
in April 1937. It was considered desirable 
to hold the conference at Brookings in spite 
of the fact that inspection trips could not 
be combined with the conference. 

Membership activities also were dis- 
cussed, and representatives of the Denver 
Section stated that the practice of having 
members bring prospective members to 
Section meetings as guests had been found 
to be helpful in obtaining new members. 

The executive committee attended a 
luncheon with members of the Denver Sec- 
tion, given at the Denver Club in honor of 
President MacCutcheon, after which a brief 
review of District activities in general was 
held by the committee. 


Review Courses 
Offered by N. Y. Section 


If there is sufficient demand, the power 
group of the Institute’s New York Section 
will repeat the review courses in structural 
planning and design and in electrical 
engineering, with the first sessions to be 
held during the second week of February 
1937. Applicants for New York State 
professional engineers license who intend 
to enroll for either or both of these courses 
should put their names and addresses on 
file with Otto W. Manz, Jr., chairman of 
the Section’s related activities committee, 
55 Johnson Street, Brooklyn, N. Y. 

Announcements of the final arrangements 
of these and any other courses to be spon- 
sored by the power group are scheduled to 
be mailed some time in December. Fnroll- 
ment for all educational activities of the 
Section is open to nonmembers as well as 
members of the Institute. 
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C. F. Kettering Honored 
by General Motors Corp. 


Charles Franklin (‘Boss’) Kettering 
(A’04, F’14) was the guest of honor at a 
luncheon given Tuesday, November 10, 
1936, at the Waldorf Astoria Hotel in New 
York City by Alfred P. Sloan, Jr., president 
of General Motors Corporation in com- 
memoration of the 25th anniversary of Ket- 
tering’s development and successful appli- 
cation of the electric starter for automo- 
biles. The 188 other guests present con- 
stituted an unusual and impressive concen- 
tration of business, industrial, and educa- 
tional leaders of national and international 
repute. Co-featured with Honor Guest 
Kettering was the evidence of his handi- 
work, the first commercially successful elec- 
tric starter, pedestal-mounted and unveiled 
at the psychological moment, supplemented 
by an historic model of a Cadillac motor car, 


C. F. Kettering 


Regarded by qualified persons as the Number 
1 man of contemporary industrial research 


representing the model of 1911, to which the 
starter was first applied. 

Introduced by Host Sloan; radio commen- 
tator Edwin C. Hill, who outlined Guest 
Kettering’s colorful and self-made career; 
Board Chairman W. A. Harriman of the 
Union Pacific Railroad, who commented on 
the extent and significance of current im- 
provements in surface transportation and 
urged “that among other problems studied, 
the engineers should apply their efforts 
toward rewinning public opinion.” Flier 
“Eddie” V. Rickenbacker, who traced 
briefly the high lights of the startling de- 
velopment of modern air transportation, 
and pointed to a truly Jules Vernian future; 
Shipbuilder Daniel H. Cox, who pointed out 
that water transportation, too, was keeping 
apace of modern trends, with the help of 
internal-combustion engines. 

Responding in characteristically modest 
fashion, Doctor Kettering observed that he 
had ‘‘no desire to philosophize on the past, 
only to direct attention toward an infinite 
future.” Other comments: ‘‘Unintelligent 
motion in research is far more productive for 
human good than intelligent standing- 
still’. ae faith and patience are 2 funda- 
mentals upon which research is based...... 
research is a form of insurance—a looking 
forward to see in what direction industry 
may ormaynotgo..... if the young people 
of today will look forward instead of back- 
ward there will be no need to worry about 


the future..... You can’t stop human pro; 
ress unless human mentality stops..... ‘/ 

Other honors that have come to Docte 
Kettering this year include the Washingto 
Award (EE Feb. ’36, p. 218) and a Frankli 
Medal (EE May ’36, p. 564). 


John Fritz Medal for 1937 
Awarded to A. N. Talbo 


Arthur Newell Talbot, professor emeritw 
of engineering in the University of Illinoi 
has been awarded the 1937 John Fritz Gol 
Medal, highest of American engineerin 
honors. Professor Talbot, who is 79, we 
cited as “‘moulder of men, eminent consul: 
ant on engineering projects, leader of re 
search, and outstanding educator in civil er 
gineering.”” The award is made annuall 
for notable scientific or industrial achieve 
ment by a board composed of 16 past 
presidents of the 4 national societies c¢ 
civil, mining and metallurgical, mechanica 
and electrical engineers. 

Professor Talbot was born in Cortland, Ill 
October 21, 1857. He received the degre 
of bachelor of science from the Universit 
of Illinois in 1881, and the degree of civ: 
engineer in 1885. Honorary degrees hav 
been conferred on him by 38 institution: 
He has been engaged in engineering wor 
since 1881, his activities embracing rail 
roads, roads, bridges, buildings, and munici 
pal public works. In 1885 he joined th 
faculty of the University of Illinois as as 
sistant professor of engineering and mathe 
matics. In 1890 he was appointed profes 
sor of municipal and sanitary engineerin, 
in charge of theoretical and applied me 
chanics. He became professor emeritus i 
1926. 

Professor Talbot aided in the upbuildin 
of the University’s testing laboratories an 
the college of engineering, and he has bee: 
active in the formation and development c 
the Illinois Engineering Experiment Sta 
tion. He also has directed studies spon 
sored by the American Society of Civil En 
gineers and the American Railway Eng: 
neering Association. For outstanding re 
search in railroad track stresses he wa 
awarded the plaque of the AREA. He sti! 
continues his research at the University o 
Illinois. 

Professor Talbot has been president of th 
American Society of Civil Engineers, th 
Society for the Promotion of Engineerin 
Education, and the American Society fo 
Testing Materials, and is a member o 
many other professional organizations. H 
received the Washington Award in 1924 
the Turner Medal (ASCE) in 1928, th 
Henderson Medal of the Franklin Institut 
in 1931, and the Lamme Medal of the So 
ciety for the Promotion of Engineering Edu 
cation in 1932. He is the author of mam 
technical articles, and has contributed t 
professional journals. 

Members of the Institute who have re 
ceived this medal include: Elihu Thomso: 
(A’84, F’13, HM’28, member for life, past 
president); Guglielmo Marconi (HM/’18) 
Ambrose Swasey (HM’28); and Herber 
Hoover (HM’29). Other recipients, n 
longer living, include: Lord Kelvin (Wil 
liam Thomson) (HM’92); George Westing 
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house (A’02); Alexander Graham Bell 
(A’84, M’84, past-president); Thomas A. 
Edison (A’84, M’84, HM’28); Edward D. 
Adams (A’10); Elmer A. Sperry (A’84, 
M’93); John J. Carty (A’90, F'13, HM’28, 
past-president); M. I. Pupin (A’90, F’15, 
HM’28, past-president); and Frank J. 
Sprague (A’87, F’12, HM’32, past-presi- 
dent). 


General R. I. Rees, 
ECPD Vice-Chairman, Dies 


On November 28, Brigadier-General 
R. I. Rees, assistant vice president, Ameri- 
can Telephone and Telegraph Company 
died in Detroit, Mich., while on a field trip 
for Engineers’ Council for Professional De- 
velopment, of which organization he was 
vice-chairman. General Rees was one of 
the organizers of ECPD and one of its most 
active proponents. He was chairman of 
the ECPD committee on professional train- 
ing continuously since council was organ- 
ized, and was also chairman of its commit- 
tee on ways and means. He was scheduled 
to retire from the telephone company on 
December 1, 1936, and thereafter to devote 
full time to ECPD. 

General Rees was born in Houghton, 
Mich., in 1871; he received his technical 
training at the Michigan College of Mining 
and Technology in that city, from which he 
was graduated in 1897. From 1897 to 
1924, he served the United States Army, bee 
coming second lieutenant in 1899 and ad- 
vancing to brigadier-general in 1918. Dur- 
ing the World War he was a member of the 
General Staff Corps, serving in the war 
plans, executive, and operations division, 
in Washington, D. C., and in 1918 he was 
sent to France in charge of all educational 
work of the American Expeditionary Forces. 
In 1919 he was awarded the Distinguished 
Service Medal “for exceptional meritorious 
and conspicuous service,’’ and was made an 
Officer of the Legion d’Honneur. 

In 1924, General Rees became assistant 
vice-president of the American Telephone 
and Telegraph Company, New York, N. Y., 
where he was in charge of the division for 
employment and training of college gradu- 
ates for the Bell System, and of other edu- 
cational activities, which position he held 
until his death. He was the author of 
“Personnel Management,’ published by 
the Alexander Hamilton Institute, and was 
a member of the following societies: So- 
ciety for the Promotion of Engineering 
Education (president 1929-30), American 
Society of Mechanical Engineers, American 
Association for the Advancement of Sci- 
ence, American Association for Adult Edu- 
cation (member of executive committee), 
Personnel Research Federation, American 
Management Association, Army and Navy 
Club (Washington), Machinery Club (New 
York), and Western Universities Club (New 
York); he was also a member of the corpo- 
ration of Brooklyn Polytechnic Institute. 


ASCE Nominates 1937 Officers. The fol- 
lowing candidates for society offices for the 
year 1937 have been nominated by the 
American Society of Civil Engineers: for 
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president—Louis C. Hill, Los Angeles, 
Calif.; for vice-president—L. F. Bellinger, 
Atlanta, Ga., and R. C. Gowdy, Denver, 
Colo.; for directors—William J. Shea and 
Enoch R. Needles, New York, N. Y., 
Arthur W. Dean, Boston, Mass., R. P. 
Davis, Morgantown, W. Va., T. Keith Le- 
garé, Columbia, S. C., and Thomas E. Stan- 
ton, Jr., Sacramento, Calif. These nomi- 
nees will be voted on by ballot, and the 
elected officers will be inducted into office at 
the January 1937 annual meeting of the 
Society. 


Graduate Courses for Chicago Engineers. 
The Western Society of Engineers, in co- 
operation with the leading educational in- 
stitutions in Chicago, IIl., is making avail- 
able part-time graduate courses in engineer- 
ing and related fields to engineers employed 
in the Chicago area. The courses offered 
are outlined in a bulletin recently issued by 
that society. According to the bulletin, the 
program has been developed by the educa- 
tion committee of the society working with 
the educational institutions, and is intended 
to present an opportunity for engineering 
graduates to secure additional training in 
specific fields and to work toward an ad- 
vanced degree. 


“Handbook of Chemistry and Physics” 
(flexible fabrikoid, 41/2 by 63/4 inches, 
2,024 pages, $6), revised and brought up to 


date, has recently been published by the 
Chemical Rubber Publishing Company, 
Cleveland, Ohio. For more than 20 years 
this handbook has served those having need 
of a variety of accurate tables, formulas, 
and scientific data in a single volume. New 
and revised material in this 21st edition 
includes several new features in the mathe- 
matical section, an enlarged collection of 
laboratory arts and recipes, an enlarged 
photographic section, a new section on com- 
mercial plastics, a revised table of isotopes, 
and various new tables. The book contains 
802 pages of mathematical tables and for- 
mulas, 741 of chemical tables, 197 on prop- 
erties of matter, 154 on heat, 20 of hygro- 
metric and barometric tables, 7 on sound, 
108 on electricity and magnetism, 141 on, 
light, and 195 pages of miscellaneous tables. 


Steam-Electric Locomotive for Union Pa- 
cific. According to a recent announcement, 
a steam-electric locomotive is now being 
built for the Union Pacific Railroad in the 
Erie, Pa., shops of the General Electric 
Company. It is being designed for passen- 
ger service, and will carry a condensing- 
steam-turbine generating plant using oil 
for fuel and feeding electric power to trac- 
tion motors. The new locomotive will be a 
double-cab unit, rated at 5,000 hp, and 
built for a speed of 110 miles per hour 
on level track. Streamlined, practically 
smokeless, and provided with equipment 
for air conditioning, it will be modern in 
every respect. 


United iveirecricny Diadrece: | 


The Joint 


Engineering Organizations 


United Engineering Trustees, Inc., was 
organized in 1904 as an instrumentality of 
the Founder Societies, the 4 national socie- 
ties of civil, mining and metallurgical, me- 
chanical, and electrical engineers. Its pur- 
pose is the managing of property and funds 
in which these societies have joint interests, 
and it is governed by trustees duly ap- 
pointed by the societies as their representa- 
tives. It maintains 2 departments: (1) 
the Engineering Societies Library, and (2) 
The Engineering Foundation. 

The corporation (UET, Inc.) manages 
the Engineering Societies Building and all 
trust funds placed in the hands of the 
United Engineering Trustees, Inc. 

The Engineering Foundation, founded by 
Ambrose Swasey (HM’28) in 1914, is en- 
trusted with the expenditure of income 
from endowment and other funds. The 
ultimate objective of Foundation is stated 
to be: ‘“‘the advancement of engineering 
as a most important instrumentality for 
bringing men of all nations into intimate 
contact or communication, for supplying 
them the requisites of a constantly develop- 
ing enjoyment of life and, consequently, 
for maintaining peace and _ progress.” 
Foundation’s immediate objective is: ‘‘the 


furtherance of researches by its Founder 
Societies and other engineering organiza- 
tions directed toward solutions of problems 
of benefit to the profession or the public, 
of technological or human interest, in which 
engineering methods and knowledge may be 
utilized.” 

The Engineering Societies Library is a 
free public engineering library, which, with 
its numerous activities, is operated for users 
at a distance, as well as for those who visit 
its rooms in the Engineering Societies 
Building. 

In the accompanying article may be 
found announcement of the election recently 
held by UET, and abstracts of the annual 
reports of this organization and of The 
Engineering Foundation and the Engi- 
neering Societies Library. The annual 
election of The Engineering Foundation, 
held October 8, 1936, as part of the annual 
meeting of Foundation, was reported in the 
November issue, page 1286. 


Election of Officers of 
United Engineering Trustees, Inc. 


Officers to serve the United Engineering 
Trustees, Inc., for the year 1936-37, were 
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elected at the annual meeting of UET held 
in the Engineering Societies Building, New 
York, N. Y., October 22, 1936. G. L. 
Knight (A’11, F’17), vice-president in charge 
of mechanical operations, Brooklyn (N. Y.) 
Edison Company, was re-elected president 
to serve for the period ending at the annual 
meeting in October 1937. Otis E. Hovey 
was elected first vice-president and D. 
Robert Yarnall, second vice president. 
Albert Roberts was re-elected to serve as 
treasurer, and H. R. Woodrow (A’12, F’23) 
was named assistant treasurer. John Arms, 
general manager, was re-elected secretary. 

The names of all members of the board 
of trustees of UET for the year 1936-37, 
including both new and hold-over members, 
are as follows: 


Terms expiring October 1937 


Otis E. Hovey 
Walter Rautenstrauch 


ASCE representative 
ASME representative 


Terms expiring October 1938 


eee eri: 

A. L. J. Queneau 

Henry A. Lardner 

G. L. Knight 
(A’11, F’17) 


Terms expiring October 1939 


John P. Hogan 
Albert Roberts 
D. Robert Yarnall 
H. P. Charlesworth 
(M’22, F’28, past- 
president) 


ASCE representative 
AIME representative 
ASME representative 


AIEE representative 


ASCE representative 
AIME representative 
ASME representative 


AIEE representative 


Terms expiring October 1940 
H. G. Moulton 
H. R. Woodrow 

(A’12, F’23) 


AIME representative 


AIEE representative 


Of these, John P. Hogan, H. G. Moulton, 
D. Robert Yarnall, and H. R. Woodrow 
became reappointed members at the annual 
meeting, upon presentation of credentials 
from the Founder Societies. Henry A. 
Lardner (A’94, F’13, member for life) was 
appointed to fill the unexpired term of 
Harold V. Coes. Ali others are hold-over 
members. Mr. Rautenstrauch is com- 
pleting the unexpired term of W. L. Batt. 


CoMMITTEES APPOINTED 


The following committees were appointed 
by the president: 


Finance: Otis E. Hovey, chairman; H. G. Moul- 
ton, Albert Roberts, Henry A. Lardner, G. L. 
Knight, ex-officio. 


Real Estate: H.R. Woodrow, chairman; J. P. H. 
Perry, A. L. J. Queneau, D. Robert Yarnall, G. L. 
Knight, ex-officio. 


Pension: Walter Rautenstrauch, chairman; John 
P. Hogan, A. L. J. Queneau, H. P. Charlesworth, 
G. L. Knight, ex-officio. 


Memorial to Calvin W. Rice: W. L. Batt, chair- 
man; Otis E. Hovey, George D. Barron, G. L. 
Knight, ex-officio. 


Annual Report Issued by 
United Engineering Trustees, Inc. 


The annual report of United Engineering 
Trustees, Inc., for the year ending Septem- 
ber 30, 1936, has been submitted by G. L. 
Knight (A’ll, F’17), president. During 
the year the trustees have endeavored to 
maintain close relationship with the socie- 
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ties through the president’s visits to the 
governing boards or executive committees 
of the societies and through the society 
publications, 

Some much needed improvements have 
been made in the Engineering Societies 
Building within the past year, the most 
important of which was the redecoration 
of the rooms of the Engineering Societies 
Library. Certain improvements also were 
made in the elevator mechanisms and 
service. 

Thoughtful study has been given to the 


matter of resuming payments into th 
depreciation and renewal fund of th 
Engineering Societies Building. The build 
ing is now 30 years old and eventually mus 
be replaced. To meet such a situation 
the depreciation and renewal fund wa 
started in 1909 and received additions eac] 
year until 1982 when, because of the de 
creased income of the societies, payment: 
were suspended. A program for takin; 
care of this matter is in progress. 

One of the duties of UET is the manage 
ment of funds entrusted to it by generou: 


Table I—Summary of Annual Report of Finance Committee of UET 


Operation of Building 


Operating: rey enueh acct er PR is ci ctere beeen. has s Soey aS) mn SLAEe We gst eeepc Semele) ene euee Ueto pe Re Rape Man tiem Bepieaa $ 104,715.8: 
Less operating expenditures sieges os csp pesos c nyevece. bres oi'e: ea Uplate Gis eae here wo iallend talinestea nee eles 99 483.6: 
Operating’ gait 1936 Ase ee seek Oe es hcece tet cat aeh vcs SC CMERpS EAN SSS spietoeaace se Me Reucmened erent 5,232.1! 
Operating credit: previoustyearsere xc ..\coonvclele. co meet acsearle Con es age eR eee 5,419.7% 
Creditibalance SeptembermsOm G3 Gscrcccclac = net tees te ciene cretwreten eyo crs) nee ener ee ee ee 10,651.8§ 
Transferred: to generaliresenyve stands. e accor s+ ous 5 on oms once swous eteekerets cells to) Seemann OK emer ate reese Mareen 2,500.01 
Net balance! Septemiberss0 el OS Grrrcicicts ciate sic essce eile tetel te eaeve te ova coleaielions)’s)s) 0: etelelensmenelel oltre ere renetemean $ 8,151.88 
Operation of Library 
Maintenance revere Stnncrrritele terion wove. susisetetorel lave: she: iehelecavalorel afaxetie eh crenieaeetencte $43,464.41 
Maintenance experidittrestempmcmty teers: s25 5. ieseein suede vei o's eosin overn nevs; super oneneiemencenale 41,820.08 
Creditibalance for: years OSG mraere cr. wis, os». syulesww ore. o oie cqblocenaltanaeereneteuauey ane vene 1,644.33 
Credit: balance; from) previoussyearec sic <.sse.sve, «/cleversiee svenee-ortgp ehtennt de pater neete 4,534.36 
Credit balance SeptemberSQml OS 6raieser-ierc/c\eis, ois elevclora <lcvslsveie oie slerelotoleRetenseoattaaioter states tie 3 6,178.6¢ 
Service. Buréatireventten: cmacrititrie tah a. 9 515 cools: os 0 svs,81 shereve oatistevals apetermreneehonnetens 8,416.23 
Service Bureau expenditures and adjustments. .............cccccccccccscces 5,588.41 
Credit balance fot year -1OSGiraceetcistee osc ose. s so ow oe cine, 0's 0 « wlio ere sree 2,827.82 
Credit: balance fromipreviotissyearmacc ccc cree 0 vis « visi sieielors wie exel siere abtranal onehateberers 1,744.14 
Credit-balance'Septem ber SOMOS ree cre teres aco .co. 5:0. 0 8 aro e sih cia oon aber Menno Rene mete ereee 4,571,9€ 
Total net operating credit balance cumulated to September 30, 1936............--.-eeeeee $ 10,750.65 
Funds and Property 
*Combined Fund: Summary of Investments, September 30, 1936 
Market 
Legal Nonlegal Book Value Value 
Funds included: 
Engineering Foundation fund................$492,897.66. .$281,938.83..$ 774,836.49 
Edward Dean Adams tind irre atresia ieictove' =. </o:01's cree she. over 90,776.60.. 90,776.60 
Library endowment fund.................... 92,462.93 75,130.33... 167,593.26 
Depreciation andi renewal) fttndiancetie ie nies 6.0 ee crests 318,526.80.. 318,526.80 
General reserve fitnd icra eee rein kcile Ss0e ob supose 2,500.00. . 2,500.00 
Total ..5555 5 sic siQetaieieinnper tooo eects = $585,360.59. . $768,872.56. . $1,354,233.15 
Investments: Legal....... Sis) Gud ONTO OREM ot CG Goa or $ 705,337.75 
Nonlegal errr tet tiker spe «+ 0:0 ica ee amen eens 640,900.70 
Total investment, September 30, 1936...............00cenecveees 1,346,238.45. .$1,365,120.2¢ 
Loans from depreciation and renewal fund....................20- 2,531.65 
Cash uninvested yo aceme ree eielee oie ® «8% 0's « oesnre Se ee 5,463.05 


$1,354,233.15 


Real estate, cost of —September 30, 1936............ 


au heh abel er sien = yoke steerer naan $1,987 ,793.92 


Operating: cash! ./% ac cc one rete emer eno Re i «sae o. Suchet vtec hae Ee 20,780.85 
Investments, operating cashmere taste ss 5 - <->. s.< ioc. cute ened erie ene 5,000.00. .$ 5,139.0€ 
Prepaid! ire instirance jnicin acer orice ternal haere oes sete ays ssc outed ce 2,170.28 
Accounts receivable; ‘gross sen rae Cert eer ee el oie (alsin. stn cucterary nna aeelooninee 731.75 
The Engineering Foundation—unexpended income.,..................... 11,818.93 
The Engineering Foundation—temporary investments.................. 6,180.00. .$ 7,132.50 
Alloys of iron research—unexpended income................ 00.00. ccuee 3,409.82 
The Engineering Foundation custodian fund assets..................... 5,300.00 
Henry, Rt ownevengineeringatundeeerprrdericcisia s/s «0.0. eee 50,000.43..$ 42,202.72 
f ols) RS RS RR Oo 065000 000,000 SOc ee NO Nene $3,447,419.13 
Moneys Held for Special Purposes 
Endowment committee (Adams expense fund)..................ccececcescevves $702.57 
Special Library, binding finda(W..os Batstow)ace.. 0.2%... eee gee 253.28 
UET Inc. Custodian of John Fritz Medal Fund 
Securitiesjheld Septemibers30M1LO36 secrete «ss ae. | oe $3,500.00. .$ 3,745.06 
Cashion hand’ September ‘SOM O3Gneemee tie tiic:+> «ceeeias ones 5 enre eee 68.33 


* A group of funds managed as one for convenience and economy in investment transactions. 
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donors for the advancement of the arts and 
sciences of engineering. To this end main- 
tenance of principal is not only mandatory, 
but maximum income consistent with 
safety of principal is essential to carry on 
the research and other projects of Engi- 
neering Foundation in co-operation with 
and for the Founder Societies. During the 
past year when interest rates have been 
forced down and bonds called, leaving only 
- lower-income-producing securities for re- 
investment, the trustees were faced with 
the difficult task of assuring both principal 
and income. In spite of such conditions, 
the market value of the UET funds at the 
end of the year is greater than the book 
value, and the income increased slightly 
over 1935. 

The total book value of UET funds is 
$1,404,233.58; the book value of Engi- 
neering Societies Building and land is 
$1,987,793.92; and the unexpended bal- 
ances on hand, accounts receivable, and 
temporary investments for the United 
Engineering Trustees, Inc., and its depart- 

“ments amount to $55,391.63, making a 
total of $3,447,419.13 managed by United 
Engineering Trustees, Inc., for the Founder 
Societies. A summary of the report of 
the UET finance committee is given in 
Table I. 

Because of the continued downward trend 
of interest rates and consequent reduction 
in the average rate on return on bonds held 
legal for savings banks in New York State, 
to which the investment policy of UET 
restricted all new investments of The 
Engineering Foundation fund, the invest- 
ment policy of UET has been somewhat 
liberalized. This was done with the general 
consent of Dr. Ambrose Swasey (HM’28), 
founder and principal contributor to The 
Engineering Foundation fund. 

The complete revision of the UET by- 
laws, adopted January 24, 1935, after having 
been approved by the societies, has resulted 
in clarifying and simplifying a great deal of 
the work of UET, especially that relating 
to financial matters and to realestate. The 
real estate committee, appointed as a result 
of a by-law creating it, has greatly helped in 
the management of the building through 
the sifting of recommendations received 
for building improvements and in co- 
ordinating these with the work of the finance 
committee. 


Annual Report Issued 
by Engineering Foundation 


The annual report of The Engineering 
Foundation for the year ending September 
30, 1936, has been submitted by H. P. 
Charlesworth (M’22, F’28, past-president) 
chairman of the Foundation board, and 
Doctor Alfred D. Flinn, director. 

A summary of the capital fund of The 
Engineering Foundation and a condensed 
financial statement follows: 


Capital Funds 


Endowment, total book value on Sep- 
tember 30, 1936...........2eececeeeee $870,000 
E. H. McHenry bequest, in hands of 
executors until decease of 2 life bene- 
ficiaries, appraised at probate of will 
in 1931, approximately............+.-. 400,000 
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The capital funds are held and administered by 
United Engineering Trustees, Inc. The net in- 
come from endowment was $34,126 for the fiscal 
year ending September 30, 1936. The Founda- 
tion board has discretion in use of income. For 
many of the enterprises which Foundation has 
aided, large contributions of money, services, and 
materials have been obtained from others. 


Current Resources 


Balance on Oetober 1, 1935............ 
Receipts 
Income from endowment 
and temporary investment 
of income balance.......... $34,531 


$ 31,352 


35,295 
$ 66,647 


Expenditures 


Research’ projects... . 0.2.62 -.0: $36,571 
Promotion of research and ad- 
ministrative expenses......... 12277 


Total for furtherance and support of 


RESCALC Memtatyels 1o sx, Pestle o otras one $ 48,848 
$ 17,799 


Money “contributions” from organizations and 
individuals, for specific activities, passed through 
the Foundation’s accounts from its organization to 
September 30, 1936, totaled $249,315. 


Activities aided by the Foundation during 
its fiscal year ending September 30, 1936, 
comprised: 


1. Earths and Foundations Research, 
continued by the American Society of Civil 
Engineers, including participation in the 
International Conference on Soil Mechanics 
and Foundation Engineering at Harvard 
Graduate Engineering School, in June 
1936, which indicated great expansion since 
the committee began work in 1929. Doctor 
Terzaghi, of the committee, presided. 
Field and laboratory research in America 
and Europe progressed under encourage- 
ment of the committee. The committee’s 
support helped in establishing an advanced 
soil mechanics laboratory at Harvard Uni- 
versity. At Yale University support was 
given to investigation of lateral supporting 
power of soils to individual piles, anchors, 
and bulkheads. At Columbia University 
the equipment and methods of the baro- 
dynamic research (see item 3) were utilized 
for a variety of problems. At the Univer- 
sity of Minnesota extensive researches were 
made in the subjects of earth dams and 
cofferdams, with the aid of engineering 
models. 

2. Alloys of Iron Research, sponsored by 
American Institute of Mining and Metal- 
lurgical Engineers. Iron alloys committee 
continued preparation and publication of 
books containing critical digests and bibliog- 
raphies of the world literature on alloy 
steels and alloy cast irons: seventh book 
printed; eighth book on the press; manu- 
scripts for 5 books well advanced. Efforts 
were continued to obtain additional financial 
contributions. An exhibit of the commit- 
tee’s work was prepared for the symposium 
on structural applications of steel and light- 
weight alloys at the October meeting at 
Pittsburgh, Pa., of the American Society 
of Civil Engineers. 

3. Barodynamic Research (study of 
weighty masses by means of special cen- 
trifuges) with application to mining and 
civil engineering problems, sponsored by 
American Institute of Mining and Metal- 
lurgical Engineers, continued at Columbia 
University School of Mines. Professor in 
charge made an extended journey in Europe 
and Africa studying mining problems by 


surface and underground observations. 
Confirmation of laboratory results was ob- 
tained. In the laboratory were developed 
a device for determining side pressures of 
loose materials and a new type of artificial 
support in mines; data on stress distribu- 
tion in mine pillars and roofs were ob- 
tained, and the time effect in rock struc- 
tures stressed beyond elastic limits was 
studied. 

4. Cottonseed Processing Research, bya 
committee of The American Society of 
Mechanical Engineers with headquarters at 
University of Tennessee, was continued in 
laboratories and field, and a manual on 
“Mechanical Processing of Cottonseed” 
was prepared by the committee and pub- 
lished by the University. This book con- 
tains a classified bibliography of the litera- 
ture. 

5. Cutting Fluids (for lubricating and 
cooling metal-cutting tools). This research 
committee of The American Society of 
Mechanical Engineers was inactive until 
July 1936, but for the last quarter of the 
fiscal year pushed its work vigorously at 


‘University of Michigan, doing experimental 


cutting, according to a program, on a large 
piece of steel known as a ‘“‘test log.” 

6. Critical Pressure Steam Boilers: a 
basic investigation by a research committee 
of The American Society of Mechanical 
Engineers on which designs for a new type 
of boiler may be based, at Purdue Univer- 
sity. Determinations of viscosity of water 
and steam, and reactions between steam 
and metals at elevated temperatures, have 
particularly been under study. 

7. Fluid Meters. Long-radius flow noz- 
zles, one of the primary elements used 
in fluid meters, are being studied experi- 
mentally by a committee of The American 
Society of Mechanical Engineers in several 
laboratories, with the co-operation of 
National Bureau of Standards, Massachu- 
setts Institute of Technology, Cornell Uni- 
versity, Universities of California, Ohio, 
and Oklahoma, and several companies, using 
steam in some instances and water in 
others, through nozzles ranging from 3 to 
16 inches in diameter; also 2-inch pipe 
orifices. Purpose: to provide more eco- 
nomical and convenient means for precise 
measurements of large quantities of liquids 
or gases, as in efficiency tests of steam and 
hydraulic power installations. 

8. Boiler-Feed-Water Research was con- 
tinued by a committee of The American 
Society of Mechanical Engineers at Univer- 
sity of Michigan, on methods of determining 
oxygen in the waters, and at the non- 
metallic minerals experiment station of the 
United States Bureau of Mines, New 
Brunswick, N. J., on fundamental studies 
of the cause and prevention of embrittle- 
ment in boiler steel. 

9. Strength of Gear Teeth: This experi- 
mental study has been in progress 12 years 
under supervision of a committee of The 
American Society of Mechanical Engineers, 
using a specially built testing machine, 
with co-operation of industries. Recent 
operations have been at Massachusetts 
Institute of Technology and during the 
year herein reported were devoted to tests 
on surface fatigue of cast iron. 

10. “Cutting of Metals” handbook. 
Manuscript for this book of approximately 
250 typewritten pages has been completed 
by a special editor engaged by The American 
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Society of Mechanical Engineers with the 
aid of an underwriting of $1,500 by Founda- 
tion. Collection of the materials was the 
work of a committee for 4 years. Publica- 
tion of the handbook is predicted for early 
1937. 

11. Welding Research: (a) Pure Iron 
Electrodes, sponsored by American Insti- 
tute of Electrical Engineers. This basic 
research, begun in June 1930, was termi- 
nated by expiration, on September 30, 
1936, of the fifth extension of the 2-year 
agreement with Lehigh University. It is 
the intention hereafter to concentrate 
Foundation’s aid in this field upon the com- 
prehensive program of the welding research 
committee. Interesting fundamental facts 
have been brought to light at Lehigh Uni- 
versity and reported through several chan- 
nels, including publications of the AIEE, 
American Institute of Mining and Metal- 
lurgical Engineers, and American Physical 
Society. (b) Welding Research Commit- 
tee, sponsored by American Institute of 
Electrical Engineers and American Welding 
Society. Created in 1934 with the co- 
operation of industries, this committee has 
completed its plan of organization, outlined 
the main features of its program, obtained 
assurances of financial support and other 
co-operation, and made progress on its 
activities. These activities include critical 
reviews, translations, and digests of litera- 
ture in America and other countries; some 
60 fundamental researches mostly in college 
laboratories; development of extensive co- 
operation in industrial researches, through 
10 subcommittees, and publication of a 

- monthly bulletin (in connection with Journal 
of American Welding Society) to inform 
research workers, technical men and execu- 
tives of industries. 

12. Engineers’ Council for Professional 
Development: composed of representatives 
of the Founder Societies, Society for Pro- 
motion of Engineering Education, American 
Institute of Chemical Engineers, and Na- 
tional Council of State Boards of Engineer- 
ing Examiners. Reports on the work of 
ECPD have appeared month by month in 
ELECTRICAL ENGINEERING. 

13. Personnel Research Federation: 
Forms of employer-employee co-operation: 
By visits to industrial plants, by cerre- 
spondence with governmental departments 
and labor organizations, and by conferences, 
materials were collected for a report of prac- 
tical usefulness showing the development of 
employer-employee co-operation to date 
and the ways in which this method of in- 
dustrial management may develop further. 
This report is to be published in the fall 
of 1936.: At a large and successful general 
meeting in New York in January, employer- 
employee interviews and other subjects 
were discussed. Personnel Journal, pub- 
lished monthly, has been notably improved; 
number of subscribers is increasing en- 
couragingly. The Federation progressed 
also in its general development. 

14. Plastic Flow of Concrete: University 
of California, engineering laboratories. 
Long-time tests started in 1926 were con- 
tinued of various factors in the plastic 
behavior of concrete, and reports were 
presented. Thermal stress studies were 
completed. Three new series were begun: 
study of moisture loss accompanying plastic 
flow under sustained load study of the va- 
lidity of the assumption of plane bending in 
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beams under sustained load; effect of com- 
pound composition and fineness of cement 
upon plastic flow. In September 1936, there 
were 433 specimens under observation in the 
laboratory. Results of earlier work have 
been reported in publications of The Ameri- 
can Concrete Institute and through other 
channels; the later results (including a bib- 
liography) are being prepared for publication 
next year. 

15. Concrete Research. The planning 
committee on cement and concrete research 
reported in August 1936 the opinion “that 
there is a real need for a broad and com- 
prehensive program of cement and concrete 
research and that The Engineering Founda- 
tion might well be the organization to 
promote such a program.’’ The committee 
recommended ‘‘the appointment of a stand- 
ing committee on cement and concrete 
research, the membership of which shall in- 
clude representatives of national organiza- 
tions having interests in this field.’”’ The 
director of Foundation is collecting data 
and opinions from a number of other 
sources to aid in the further preliminary 
examination of this proposal during the 
coming year. 

16. Plasticity of Metals: creep and re- 
laxation, under agreement with University 
of Pittsburgh; research facilities provided 
in Westinghouse research laboratories. 
Work begun January 1, 1935, was com- 
pleted in September 1936. Final report is 
being written. Special apparatuses were 
designed and constructed. The results ob- 
tained are proving to be of practical value. 

17. Defects and Failures of Metals. An 
informal proposal for a book was examined. 
Inquiries addressed to a number of persons 
informed on the subject drew widely diver- 
gent opinions. Therefore, the matter was 
dropped, but with willingness to receive 
additional suggestions or opinions. 


The general plan and policy of Foundation 
is outlined in its ‘‘Platform”’ adopted by the 
Foundation board on June 14, 1935, and 
approved by the Founder Societies in the 
Fall of 1935. (See April 1936 issue, page 
423.) Further information on Foundation 
and its activities may be obtained from the 
Foundation office, 29 West 39th Street, New 
York, N. Y. 


Annual Report Issued by 
Engineering Societies Library 


The annual report of the Engineering 
Societies Library for the year ending 
September 30, 1936, has been submitted by 
Doctor Harrison W. Craver, director. It 
contains the usual information on the use 
of the library, its finances, and acquisitions. 

While attendance has not reached the 
height of 4 or 5 years ago, the reading done 
has been more serious and less casual, as 
evidenced by more calls for books and 
longer stays by readers. Users of the 
library numbered 37,586, of whom 26,784 
visited it and made direct use of the col- 
lection. The remaining 10,802 were as- 
sisted in various ways: 124 by loans of 141 
books, 109 by special bibliographies, 121 by 
translations, 2,363 by supplying 20,020 
photoprints, 3,013 by letters, and 5,072 by 
telephone. 


Corresponding figures for 1934, the last 
12-month period recorded, were 40,789 
users, of whom 29,928 were readers. It is 
interesting to note that the decreased use 
is a decrease in visitors, the requests from 
nonvisitors having remained at the same 
level. During the past year the library 
has served 2 nonvisitors for every 5 
visitors. 

Books, pamphlets, and maps received 
during the year numbered 12,148. Of 
these 6,780 were not already in the library 
and were added toit. The others were dis- 
posed of in various ways, some being placed 
in the rental collection, some presented to 
libraries, and the rest placed in the dupli- 
cate collection for sale or exchange. Sales 
of duplicates amounted to $660.39. Cur- 
rent issues of 1,358 periodicals were received 
and 437 books worth approximately $1,700 
were received for review. 

Gifts numbered 10,795 items. Among 
these were gifts from the estates of F. A. 
Halsey, H. de B. Parsons, C. M. Weld, 
and H. H. Wolff. Valuable gifts also were 
received from A. W. Berresford (A’04, F’14, 
past-president), F. W. Doolittle, George B. 
Holderer, David Landau, Donald D. Lid- 
dell, Sanford A. Moss, James L. Pitcher, 
F. F. Sharpless, Horace Wemple, Haverford 
College, Lafayette College, and the McGraw- 
Hill Book Company. 

During the year'a legacy of $1,500 was 
received from the estate of the late H. de B. 
Parsons and was added to the endowment 
fund. Through the generosity of W. S. 
Barstow (A’94, F’12, Life Member) $1,500 
was devoted to the repair and rebinding of 
many rare books. 

On October 1, 1935, the library contained 
136,464 volumes, 7,064 maps, and 4,259 
manuscript bibliographies. On September 
30, 1936, the collection numbered 138,742 
volumes, 7,246 maps, and 4,298 bibliog- 
raphies. In addition 3,646 pamphlets had 
been incorporated in volumes previously 
counted. The lending collection contained 
620 volumes at the close of the year, and 
there were approximately 14,000 volumes 
and pamphlets in the duplicate collection. 
The new acquisitions have been cataloged 
day by day as received, and substantial 
progress has been made upon the recatalog- 
ing of the Wheeler collection. 

Work has progressed as rapidly as possible 
upon the classified index to periodicals, 
20,000 cards having been added during the 
year. The index now contains references 
to 150,000 articles published since the year 
1927 and is being used more and more 
every day. More indexers are urgently 
needed, as the work required for indexing 
the volume of printed matter is beyond the 
capacity of the present staff. 

The budget for general operations during 
the year was $42,800. Of this sum $33,000 
was appropriated by the Founder Societies 
as follows: 


American Society of Civil Engineers..... $8,922.10 
American Institute of Mining and 

Metallurgical Engineers.............. 6,821.30 
American Society of Mechanical Engi- 

MEETS 5. «15 cpesencteleypasiehe «leyate see pee 8,497.00 
American Institute of Electrical Engi- 

TEELS fo.5'5c 6 Ute pots ose ane in ee eee 8,759.60 


Expenditures amounted to $1,365.80, of 
which $7,743.79 was spent for books and 
other equipment which increased the assets 
of the library. The service bureau re- 
ceived $8,416.23 and expended $5,623.25. 
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> = to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional im- 
portance. ELECTRICAL ENGINEERING will endeavor 
to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 


ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 


STATEMENTS in these letters are expressly under- 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


“Mechanical Development of 
Transformer by Westinghouse 


To the Editor: 


In this letter I offer a few comments on 
the mechanical development of the trans- 
former by George Westinghouse, which was 
referred to in the article ‘‘Early History of 
the A-C System in America,” by C. C. 
Chesney and the writer, published in the 
March 1936 issue of ELECTRICAL ENGINEER- 
ING (pages 228-35), but which was not 
elaborated. I offer a few comments also on 
the Stanley alternator. 

When the Gaulard and Gibbs “secondary 
generator” arrived in America in 1885, it 
soon underwent some radical changes. 
Westinghouse, mechanical genius, and Stan- 
ley, electrical expert, applied their comple- 

mentary abilities to the transformer prob- 


Westinghouse H-plate 


The punchings are held by 2 bolts surrounded by square 

insulating washers. The iron core is placed in a lathe and 

the coils are wound around the horizontal bar of the 

“ty” Afterward horizontal iron strips are placed across 

the top and the bottom and are held by insulated bolts 
at the corners 


lem. Stanley was concerned with parallel 
connection, counter electromotive force, 
and the magnetic circuit. His patent ona 
core of sheet-iron rings, applied for in No- 
vember 1885, shows an ideal type of com- 
pletely closed magnetic circuit; his Great 
Barrington (Mass.) investigations dealt 
with electrical and magnetic relations, 
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1886: 


length of wire, and thickness and weight of 
iron, as well as a practical demonstration of 
the transformer system. His important 
patent deals with windings and counter 
electromotive force. 

Westinghouse, on the other hand, was 
concerned with mechanical design and sim- 
plification of manufacturing methods. 
From an impractical construction he evolved 
the modern type of transformer. He said 
that the coils should be of wire wound on a 
lathe and not composed of flat copper rings, 
slotted and soldered together in a spiral as 
in the Gaulard and Gibbs construction, 
nor should it be necessary to thread the 
wire through iron rings. He therefore pro- 
posed to wind the coils first and then to 
build the core with strips of sheet iron placed 
around and through the coils, requiring 5 
pieces. Then he devised an H-shaped 
plate; the plates were piled up, bolted to- 
gether, placed in a lathe, and the coils 
wound around the horizontal bar. Two 
straight strips were added across the top 


Stanley E-plate 


The plates are built up by slipping the middle part through 

the prewound coils, first from one side and then from the 

other. Parts of the magnetic circuit where the plates do 
not overlap have half the cross section of iron 


and bottom for completely surrounding the 
coils. The transformers used in the Great 
Barrington tests were wound on H-plates. 
The interleaving of the horizontal strips 
and the vertical ends is clearly seen in the 
published photographs. Later Stanley de- 
vised the E-plate for prewound coils. This 
was later improved by Albert Schmid who 
used a single complete plate. 

Applications for patents were made in 
for the Westinghouse H-plate in 
February, for the Stanley E-plate in No- 
vember, and for the Schmid complete plate 
in December. The latter continued in use 
for several years. The several plates are 
shown in the accompanying illustrations re- 
produced from patent drawings. 

Let us go back to December 1885. Bel- 
field, the Gaulard and Gibbs expert, had 
arrived in Pittsburgh, and there were tests 
and conferences. He endorsed Stanley’s 
ideas as to parallel operation and a closed 
magnetic circuit, as they were in accord with 
his own views. Regarding the construc- 
tion he says, “‘I was in position to give G. W. 
the electrical data he needed, and I was sur- 
prised when later on he told me of his idea 
of turning the secondary generator inside 


out as it were, by winding the coils on a 
lathe, and building the iron core, in the 
shape of plates around them; this was a 
revelation to me. . . . Gradually the inven- 
tion developed; we all had a part in the dis- 
cussion as to how it should be applied, 
G. W., Pope, Stanley, Shallenberger, and I, 
also doubtless Schmid.” Affairs crystal- 
lized rapidly; on December 23 application 


Schmid complete plate 


Extensions on the tips of the “E”’ are bent to allow the 
tongue to be slipped through the coil. The final core is 
of uniform cross section 


was made for the charter for a company and 
on the next day a new contract was made 
with Stanley for continuing his services as 
electrical expert and including Stanley’s 
project for transferring activities to Great 
Barrington where he would prepare and 
operate a demonstration plant. The plant 
operated from March 20, 1886 for 3 months. 
It was convincing and Westinghouse pro- 
ceeded actively. An alternator from origi- 
nal drawings by Stanley and transformers 
suited for commercial service were made in 
Pittsburgh, and proved successful in the 
Lawrenceville test. Commercial service at 
Buffalo began a few months later on Thanks- 
giving Day, 1886. 

The Stanley alternator was very different 
from the Siemens alternator brought from 
England. In the latter the field coils pro- 
duced magnetic fields parallel with the 
shaft. The armature, which had no iron, 
was of flat disk shape. If one were to draw 
a large circle with 16 small circles equally 
spaced near the circumference to represent 
coils and a circle at the center for the shaft, 
he will have a picture of the Siemens arma- 
ture. Stanley placed his armature coils on 
the surface of a cylinder built up of circular 
iron disks. The field magnets, as is usual 
today, were radial. Stanley stated, if I re- 
call correctly, that his alternator was the 
first to employ iron in its armature. 

Thus, both transformer and alternator 
were radically changed in type within a few 
months after arriving in America; West- 
inghouse gave the transformer a practical 
form by making the coils of wire and wind- 
ing them on a lathe, discarding copper 
punchings, while iron punchings replaced a 
core of iron wires; in the Stanley alternator 
the magnetic poles were turned 90 degrees 
so that they were radial instead of parallel 
with the shaft. The essential elements of 
the new designs have persisted through a 
half century of development. 


Very truly yours, 


Cuas. F. Scotr (A’92, F’25, 
HM’29, past-president) 


Professor of Electrical Engineering Emeritus, 
Yale University, New Haven, Conn. 
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Peconal lreune 


L. W. W. Morrow (A’13, F’25, director) 
has resigned as editor of Electrical World, 
New York, N. Y., to become general.mana- 
ger of the newly created fiber products 
division of the Corning (N. Y.) Glass Works. 
Mr. Morrow is a native (1888) of Hammond, 
W. Va., and was graduated from Marshall 
College in 1907 and Cornell University in 
1911. During the scholastic year following 
his graduation in 1911 he served as an in- 
structor at Cornell University, and in 1913 
was appointed assistant professor of elec- 
trical engineering at the University of Okla- 
homa. During the year 1917-18 he served 
as professor of electrical engineering and 
director of the school of electrical engineer- 
ing, before becoming assistant director of 
the U.S. Signal Corps school at Yale Uni- 
versity. He served concurrently as an 
assistant professor of electrical engineering 
on the faculty of Yale University, and, 
following the World War, was retained in 
that position. In 1922 Mr. Morrow ac- 
cepted a position as associate editor of 
Electrical World, and for the past 10 years 
has been editor of that publication. He 
has been active in the committee work and 
other affairs of the Institute, is at present 
chairman of the committee on co-ordination 
of Institute affairs, as well as a member of 
several other committees, and is vice-presi- 
dent of the Thomas Alva Edison Founda- 
tion and the Institute’s representative on 
the Engineers’ Council for Professional 
Development. He is a member of The 
American Society of Meckanical Engineers, 
American Electrochetiical Society, Epsilon 
Xi, and Sigma Xi. 


S. K. Barrett (A’1l, M’17) director of 
evening engineering division and professor 
of electrical engineering, New York Univer- 
sity, New York, N. Y., has been appointed 
assistant dean of engineering, in charge of 
the evening engineering division. Dean 
Barrett was born at Saratoga Springs, N. Y., 
in 1886, and was graduated from the Poly- 
technic Institute of Brooklyn, N. Y., in 
1910, with the degree of electrical engineer. 
He accepted an appointment, following his 
graduation, as an instructor in electrical 
‘engineering at the Polytechnical Institute 
of Brooklyn; later he was appointed assist- 


J. M. FERNALD 
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ant professor of electrical engineering, and 
continued to serve in that capacity until he 
was appointed to the faculty of New York 
University in 1919. In addition to his 
regular teaching and administrative duties, 
Dean Barrett serves as consulting engineer 
on illumination for several companies. He 
was a member of the Institute’s committee 
on production and application of light dur- 
ing 1933-384. He is a member of the Society 
for the Promotion of Engineering Educa- 
tion, American Association for the Advance- 
ment of Science, The American Society of 
Mechanical Engineers, Tau Beta Pi, and 
the Illuminating Engineering Society. 


J. M. Fernatp (A’20, M’23) general 
manager of the Baker Ice Machine Com- 
pany, Inc., Omaha, Nebr., recently was 
elected president of the Refrigerating Ma- 
chinery Association at the annual meeting 
of that association. Mr. Fernald was born 
at Newtonville, Mass., in 1890, and received 
his formal engineering education at the 
Hawley School of Engineering. Following 
a brief service with the Boston (Mass.) 
Elevated Railway Company, he became 
electrical superintendent of the Metz Motor 
Car Company, Waltham, Mass., in 1911, 
remaining with that company until 1915, 
when be became a sales engineer for the 
V. V. Fittings Company, Philadelphia, Pa. 
During the period 1917-19 he served with 
the U.S. Army Corps of Engineers, and 
following the World War became a sales 
engineer for the Cutler-Hammer Manu- 
facturing Company, Boston, Mass. In 
1926 Mr. Fernald became associated with 
the Electric Refrigeration Corporation, 
later the Kelvinator Corporation, as assist- 
ant director of sales, and 2 years later was 
appointed head of the commercial refrigera- 


tion division of the Kelvinator Corporation; 


however, he left that position in 1932 to 
become general manager of the Baker Ice 
Machine Company. 


W. P. Grawam (A’02, F’23) for the past 
15 years vice-chancellor of Syracuse Univer- 
sity, Syracuse, N. Y., has been appointed 
acting chancellor. Doctor Graham was 
born at Oswego, N. Y., in 1871, and received 


ry 


L. W. W. MORROW 


the degree of bachelor of science at Syra- 
cuse University in 1893. Pursuing an 
early interest in physics and mathematics, 
he remained at the university another year 
doing advanced work in physics. From 
1894 to 1898 he lived continuously in 
Europe, studying for 3 years at the Univer- 
sity of Berlin, from which he received the 
degree of doctor of philosophy in 1897, and 
one year at the Technische Hochschule, 
Darmstadt. Upon returning to the United 
States, Doctor Graham was appointed 
associate professor of electrical engineering 
in the college of liberal arts of Syracuse 
University, and in 1901, when the college 
of applied science was established, he was 
appointed head of the department of elec- 
trical engineering. In 1911 Doctor Gra- 
ham became dean of applied science, and 
continued in that capacity for 10 years 
before being appointed vice-chancellor in 
1921. He is a member of the American 
Association for the Advancement of Science, 
American Astronomical Society, Phi Beta 
Kappa, Sigma Xi, and Tau Beta Pi, and 
has been active in the work of the Institute’s 
Syracuse Section. 


D. S. Jacopus (A’03, member for life) 
advisory engineer, The Babcock & Wilcox 
Co., New York, N. Y., has received the 
Morehead Medal of the International 
Acetylene Association for the year 1935 
“for his outstanding leadership in the for- 
mulation of codes and procedures which 
have made fusion welding acceptable.” 
Doctor Jacobus was born January 29, 1862, 
at Ridgefield, N. J., and was graduated 
from Stevens Institute of Technology in 
1884. He received the degree of doctor of 
enginecring from the same institution in 
1906. Upon his graduation in 1884, he 
was appointed to the faculty of Stevens 
Institute of Technology as an instructor in 
the department of experimental mechanics; 
later he was appointed assistant professor 
and, in 1894, professor of experimental 
mechanics. In 1906 Doctor Jacobus re- 
signed his professorship to become advisory 
engineer for The Babcock & Wilcox Co., 
where he has remained for 30 years, and 
has become head of the engineering depart- 
ment of that company. He is the author 
of many technical papers and is active in 
several engineering and scientific societies. 
He is a past-president of The American 
Society of Mechanical Engineers, American 
Welding Society, and American Society: of 
Refrigerating Engineers, and is a member of 
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the Society of Naval Architects and Marine 
Engineers, American Institute of Mining 
and Metallurgical Engineers, American 
Mathematical Society, Society for the Pro- 
motion of Engineering Education, Franklin 
Institute, and the American Association for 
the Advancement of Science. Doctor Ja- 
cobus is also a member of the welding re- 
search committee of the Engineering Foun- 
dation. 


N. W. STorRER (A’95, F’13, member for 
life) consulting railway engineer, Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa., has retired from active 
service. Mr. Storer was born January 11, 
1868, at Orangeville, Ohio, and was gradu- 
ated from Ohio State University with the 
degree of mechanical engineer in electrical 
engineering in 1891. Immediately follow- 
ing his graduation, he was employed by the 
Westinghouse Electric & Manufacturing 
Company, and has remained in the services 
of that company continuously. In 1893 he 
began work as an electrical designer under 
the supervision of the late B. G. Lamme 
(A’03, M’03, Edison Medallist 718) and in 
1895 was placed in charge of the design of 
d-c machinery. Mr. Storer was transferred 
to the railway division as general engineer, 
in 1904, later being placed in charge of all 
railway development work for the Westing- 
house company. He was appointed con- 
sulting railway engineer in 1926, and in that 
capacity assisted in the electrification of 
several of the large railway systenis in the 
United States. Mr. Storer has been active 
in Institute affairs, having been manager, 
1911-14, and vice-president for 2 terms, 
1914-16 and 1921-23; in addition, he has 
been a member of many of the technical 
committees, a representative on the Inter- 
national Electrotechnical Commission, and 
author of several papers presented before 
the Institute. He is a member of The 
American Society of Mechanical Engineers. 


T. F. Pererson (A’25, M’32) consulting 
cable engineer, American Steel & Wire 
Company, Worcester, Mass., has been ap- 
pointed director of the electrical cable 
work of that company. Mr. Peterson was 
born at Brooklyn, N. Y., in 1902, and after 
receiving the bachelor of science degree at 
Cooper Institute of Technology, attended 
Stanford University and graduated with 
the degree of engineer in electrical engi- 
neering. Following his graduation, he was 
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placed in charge of cable research for the 
Brooklyn (N. Y.) Edison Company in 1924, 
and in the following year was made cable 
engineer, while serving at the same time as 
an instructor in advanced electrical meas- 
urements at Cooper Union. In 1927 Mr. 
Peterson became associated with the Ameri- 
can Steel & Wire Company as cable engi- 
neer and remained in that capacity until 
he was appointed consulting engineer for 
that company in 1931. He served the 
Institute as a member of the committee on 
power transmission and distribution during 
the period 1928-32, and was active as 
chairman of the subcommittee on cable 
development. Mr. Peterson has been a 
frequent contributor to the technical press, 
having presented several papers before the 
Institute, and was associate editor of the 
“Underground Systems Reference Book’ 
of the National Electric Light Association. 
He is a member of Sigma Xi. 


J. W. Wuite (A’29) formerly managing 
director, Cia. Westinghouse Electric Inter- 
national, Buenos Aires, Argentina, has been 
appointed general manager of the Westing- 
house Electric International Company, with 
headquarters at New York, N. Y. Mr. 
White was born at Indianapolis, Ind., in 
1889, and received his early education at 
Randolph-Macon Academy; later, while 
engaged with the Westinghouse company 
at East Pittsburgh, Pa., he attended Car- 
negie Institute of Technology. He joined 
the Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, in 1905, and 
continued at the main works until 1912. 
In 1917 Mr. White filled the position of 
manager of the central station and trans- 
portation divisions of the Detroit, Mich., 
offices of that company. His first connec- 
tion with the export business was in 1918, 
when he was assigned the managership of 
the Westinghouse offices at Havana, Cuba. 
In 1925 he was made managing director of 
the Westinghouse Company of Japan, with 
his staff offices at Tokyo. Since 1931 Mr. 
White has been managing director of Cia. 
Westinghouse Electric International in 
Argentina. 


R. D. Mirier (M’32) former assistant 
vice-president, Pacific Telephone and Tele- 
graph Company, San Francisco, Calif., re- 
cently was appointed chief engineer of the 
company. Mr. Miller was born at Wash- 
ington, Iowa, in 1899, and received the 
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degree of bachelor of science in electrical. 
engineering at the University of California 
in 1921. Immediately following his gradua- 
tion he entered the employ of the Pacific. 
Telephone and Telegraph Company as a 
student engineer; later he was made an 
engineer and remained with that company 
until he became affiliated with the Southern 
California Telephone Company, Los Ange- 
les, in 1924. In 1925 Mr. Miller was ap- 
pointed fundamental plan engineer of that 
company; in 1928, plant extension engi- 
neer. He returned to the Pacific Telephone 
and Telegraph Company in 1930, as chief 
engineer of the Oregon area, and has since 
remained with that company continuously. 
He was transferred to the San Francisco 
offices in 1934. 


FREDERICK Kruc (A’17, F’36) formerly: 
vice-president and general manager of the 
Porto Rico Railway, Light, and Power 
Company, San Juan, has been appointed 
supervisor of southern properties in the 
Montreal (Canada) Engineering Company, 
with headquarters at Montreal. Mr. Krug 
was born October 12, 1893, at New York, 
N. Y., and was graduated in electrical en- 
gineering from Cooper Union, New York, 
in 1916. He also attended the New Mexico 
School of Mines (1916-17) and Massachu- 
setts Institute of Technology (1925). In 
1917 he became assistant superintendent of 
the New York and Honduras Rosario Min- 
ing Company, San Jacinto, Honduras; 
later he became superintendent of the elec- 
trical department, which position he held 
until he returned to the United States, in 
1918 as a war instructor at Carnegie Insti- 
tute of Technology, Pittsburgh, Pa. Mr. 
Krug joined the Porto Rico Railway, Light, 
and Power Company in 1922 as superin- 
tendent of the Comerio (Porto Rico) plants, 
becoming successively superintendent of 
power production (1924) and assistant to 
the president (1926). He was appointed 
vice-president and general manager in 1927. 


C. J. FECHHEIMER (A’05, F’14) consulting 
engineer, Fechheimer, Kisa, and Associates, 
Milwaukee, Wis., recently joined the engi- 
neering staff of The Louis Allis Company, 
Milwaukee, Wis., in the capacity of con- 
sulting engineer. Mr. Fechheimer was 
born at Cincinnati, Ohio, in 1882, and re- 
ceived the degrees of bachelor of science in 
electrical engineering (1904) and mechanical 
engineer (1905) at Purdue University and 
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Cornell University, respectively. Follow- 
ing his graduation from Cornell, he was en- 
gaged by the Bullock Electric Company, 
Cincinnati, as an electrical designer; later, 
when he became associated with the Allis- 
Chalmers Manufacturing Company, Mil- 
waukee, he was placed in charge of the 
design of the turbogenerators manufactured 
by that company. Mr. Fechheimer. ac- 
cepted a position with the Crocker-Wheeler 
Company, Ampere, N. J., as engineer in 
charge of a-c design, in 1910, in which 
position he remained until 1915, when he 
became a power engineer for the Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa. He was associated 
with the Westinghouse company continu- 
ously until 1931, serving successively as 
design engineer, research engineer, and 
section engineer, In 1981 Mr. Fechheimer 
established his own consulting engineering 
offices in Milwaukee. He served the Insti- 
tute as a member of the committee on 
electrical machinery during 1926-27, and 
is the author of several papers presented 
before the Institute. He is a member of 
The American Society of Mechanical 
Engineers. 


A. V. Karpov (M’22) designing engineer, 
Aluminum Company of America, Pitts- 
burgh, Pa., has been awarded the Thomas 
Fitch Rowland Prize of the American 
Society of Civil Engineers as co-author of 
a paper ‘‘Model of the Calderwood Arch 
Dam.” Mr. Karpov is a native (1886) of 
Kursk, Russia, and was graduated from 
_ the Darmstadt (Germany) Technical Col- 
lege and the Kharkov (Russia) Technical 
Institute. After serving as engineer in 
charge of several engineering projects in 
Russia and Germany, he came to the 
United States in 1920 and secured employ- 
ment as an engineer and designer for the 
Standard Arch Company, New York, N. Y. 
He has been associated with the Aluminum 
Company of American since 1928. The 
Thomas Fitch Rowland Prize is awarded 
annually for a paper that describes in detail 
some accomplished work of construction. 


M. R. Gowrne (M’28) assistant manager 
of the power utilities department, Ohio 
Brass Company, Mansfield, has been trans- 
ferred to the Chicago, IIl., offices of that 
company as district sales manager. Mr. 
Gowing was born at Toledo, Ohio, in 1894, 
and received the degrees of bachelor of 
electrical engineering (1917) and electrical 
engineer (1928) at Ohio State University. 
After serving brief periods with the U.S. 
Army (1917-19) and the Western Electric 
Company, New York, N. Y. (1920-22), 


he was engaged by the Ohio Brass Com- ° 


pany as a sales-development engineer in 
the railway division. In 1925 he was trans- 
ferred to the power utilities department, and 
later was made assistant manager of that 
department. 


ALEX Dow (A’93, F’12, member for life) 
president, Detroit (Mich.) Edison Company, 
recently was elected to honorary member- 
ship in the American Society of Civil Engi- 
neers and The American Society of Me- 
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chanical Engineers. Doctor Dow has been 
president of the Detroit Edison Company 
since 1912 and is well known for various 
enterprises in the field of power generation 
and distribution. He is active in other 
technical societies, and is a past-president 
of The American Society of Mechanical 
Engineers. A biographical sketch of Doc- 
tor Dow was published in the July 1936 
issue of ELECTRICAL ENGINEERING, page 
846. 


D. W. Meap (A’1l, F’13) consulting 
engineer, Madison, Wis., has been awarded 
the Norman Medal of the American Society 
of Civil Engineers for his paper ‘‘Water- 
Power Development of the St. Lawrence 
River.’ Doctor Mead is president and an 
honorary member of that society. The 
Norman Medal has been awarded annually 
since 1872 to the authors of original papers 
that are considered to be particularly nota- 
bie contributions to engineering literature. 
A biographical sketch of Doctor Mead 
appeared in the March 1936 issue of ELEc- 
TRICAL ENGINEERING, page 314. 


P. C. Cromwety (A’28) instructor in 
electrical engineering, New York Univer- 
sity, New York, N. Y., has been promoted 
to assistant professor of electrical engineer- 
ing. Professor Cromwell is a native (1902) 
of Beverly, W. Va., and a 1924 electrical 
engineering graduate of Carnegie Institute 
of Technology. Before joining the faculty 
of New York University he was affiliated 
with the Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa., the 
Duquesne Light Company, Pittsburgh, and 
Arthur E. Andersen and Company, Chicago, 
Ill. 


P. L. Warren (A’26) has resigned as 
district sales manager of the Ohio Brass 
Company, Chicago, Ill., to become affiliated 
with the Royal Electric Manufacturing 
Company, Chicago. Mr. Warren, a native 
(1897) of Toledo, Ohio, attended the Uni- 
versity of Missouri and the Tri-State Col- 
lege of Engineering. Following a_ brief 
training period, he entered the commercial 
engineering department of the Ohio Brass 
Company in 1923. He became district 
sales manager in 1928. 


Rospert MacDonartp (A’28) formerly 
with The English Electric Company, Ltd., 
London, now is employed by Ericsson 
Telephones, Ltd., Beeston, Notts, England. 


J. O. Tucker (A’11, M’22) division engi- 
neer, Illinois Light and Power Corporation, 
Champaign, has been transferred to the 
Ottawa offices of that company. 


D. J. DE Borr (A’34) formerly trans- 
mission engineer, Harza Engineering Com- 
pany, Columbus, Nebr., now is with Sargent 
and Lundy, Inc., Chicago, III. 


L. J. NartTKer (A’32) formerly an elec- 
trical motor designer, Delco Products Cor- 
poration, Dayton, Ohio, now is with the 
Sunlight Electric Company, Warren, Ohio. 


W. A. McWuorten, Jr. (A’36) now is 
employed by the Goodman Manufacturing 
Company, Chicago, Ill. 


Obituary 


Ropert A. Ross (A’92, M’93, F’12, 
member for life) consulting engineer, R. A. 
Ross and Company, Montreal, Que., 
Canada, died September 23, 1936. Doctor 
Ross was born August 29, 1865, at Wood- 
stock, Ont., Canada, and received his for- 
mal engineering education at the University 
of Toronto, graduating from the school of 
practical science in 1890. In 1896 he was 
granted the professional degree of electrical 
engineer by the University of Toronto; in 
1921 the same institution bestowed upon 
him the honorary degree of doctor of science. 
Following his graduation in 1890 he was 
employed by the Canadian General Electric 
Company at the Sherbrooke, Que., and 
Peterborough, Ont., plants until 1893, when 
he was appointed chief electrical and me- 
chanical engineer of the Royal Electric 
Company, Montreal. In 1896 Doctor Ross 
established his own consulting engineering 
practice in Montreal. As a consulting 
engineer he was responsible for the design 
of many electrical and power projects, acted 
at various times as advisor to most of the 
large cities and municipalities in Canada, 
and worked on engineering enterprises in 
Europe and Asia. In 1923 Doctor Ross 
was appointed a member of a commission 
instituted by the provincial government of 
Ontario to investigate and report upon the 
affairs of the Hydro-Electric Power Com- 
mission of Ontario, and in 1932 was a mem- 
ber of a board of engineers that carried out 
an important investigation into power 
rates in the province of Quebec. He was a 
senior member and past-president of the 
Engineering Institute of Canada, and in 
1934 received the highest distinction of that 
organization--the award of the Sir John 
Kennedy Medal for outstanding merit in 
the profession of engineering. 


Louis CHARLES NicHots (A’02, M’11, 
F’13) engineer in charge of transformer 
design, Allis-Chalmers Manufacturing Com- 
pany, Milwaukee, Wis., died November 3, 
1936. Mr. Nichols was born December 28, 
1877, at Westminster, Mass., and was 
graduated from Worcester Polytechnic in 
1900 with the degree of bachelor of science. 
Following his graduation he entered the 
employ of the General Electric Company, 
Schenectady, N. Y., as an apprentice, but 
later he joined the engineering staff of the 
Converse Transformer Company, Pitts- 
burgh, Pa., where he remained until 1903. 
While with that: company his work con- 
sisted of general transformer design, and 
when he accepted a position with the Bul- 
lock Electric Company, East Norwood, 
Ohio, in 1903, he was placed in charge of 
that company’s transformer engineering and 
design. When the Bullock Electric Com- 
pany was absorbed by the Allis-Chalmers 
Manufacturing Company in 1904 Mr. Ni- 
chols was retained in charge of the trans- 
former department, and in 1911 was made 
chief engineer of the Bullock division of the 
Allis-Chalmers company. In 1915 the 
Allis-Chalmers company transferred its 
transformer division to Milwaukee, and 
Mr. Nichols was placed in charge of trans- 
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former design for the entire company, which 
position he retained for almost 21 years. 


He was a member of the Institute’s com- 


mittee on electrical machinery, 1926-27, 
and the Edison Medal committee, 1934-36. 
He was also active in the National Electrical 
Manufacturers Association, being chairman 
of the committee on transformers and a 
member of the board of governors of that 
organization. 


Membership 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name, Any member objecting to the election of 


any of these candidates should so inform the na- 


tional secretary before December 31, 1936, or 
February 28, 1937, if the applicant resides outside of 


the United States or Canada. 


eae ee Consumers Power Company, Jackson, 

ich. 

Anderson, A. E. (Member), Jamestown (N. Y.) 
Telephcne Corporation. 

ee eroney J. W. F., 3444 Rhoda Ave., Oakland, 

alif. 

Barlow, D. S., Y.M.C.A., Albuquerque, N. M. 

Barnes, E. M., New York and Queens Electric 
Light and Power Company, Long Island City, 
N. Y. 


Barney, J., Fort San, Sask., Canada 

Barry, T. J., Interborough Rapid Transit Com- 
pany, New York, N. Y. 

Bayha, W. G., Meyers Safety Switch Company, 
Inc., San Francisco, Calif. 

Berry, M. D., Leland Electric Co., Toronto, Ont., 
Canada. 

Bland, C. H., West Kootenay Power and Light 
Co., Bonnington, B. C., Canada, 

Bollbach, H. E. (Member), Transit Commission, 
New York, N. Y. 

Brewer, W. M. Jr., Memphis (Tenn.) Power and 
Light Company. ; 

Breyfogel, A. W. (Member), Western Union Tele- 
graph Co., New York, N. Y. 

Bricker, G. W. Jr., (Member), c/o O’Hare-Lewis, 
Boston, Mass. 

Burke, B. S., Westinghouse Electric & Manufactur- 
ing Company, St. Louis, Mo. 

Cave, J. S., Jr., Ohio Bell Telephone Company, 
Zanesville. 

Catching, W. R. (Member), Le Carbone Company, 
Inc., New York, N. Y. 

Christensen, J. H., Tennessee Valley Authority, 
Florence, Ala. 

Clarke, J. W., Eggers Pole and Supply Company, 
Chicago, Ill. fi 
Colman, S. A., H. P. Foley Company, Washington, 

D 


aCe 

Colton, R. M., Brooklyn (N. Y.) Edison Com- 
pany, Inc. i 

Coyne, M. G. (Miss), Tennessee Valley Authority, 
Wilson Dam, Ala. 

Davis, J. L. (Member), American Telephone and 
Telegraph Company, New York, N. Y. 

Edgar, W. S. W., Jr., Western Union Telegraph 
Company, New York, N. Y. 

Enns, W. E., Portland (Ore.) General Electric 
Company. ; f i 

Ericson, R. C., Northern Indiana Public Service 
Company, Hammond, Ind. 

Erwin, R. A., Department of Water and Power, 
Los Angeles, Calif. f 
‘Farquhar, W. A., Underwriter’s 

Inc., New York, N. Y. ; 
Fox, A. (Member), New York Edison Company, 
Inc., New York. 
Fulton, C. R. (Member), 2327 South 19 St., 
Lincoln, Neb. : ; 
Galdabini, E. J., Globe Union Inc., Milwaukee, 
Wis. 
Goldfarb, B. 
Charleroi, Pa. ‘ “ 
Greene, N. J., National Electric Coil Company, 
Columbus, Ohio. ’ ; 
Grimm, G. A., Indiana Service Corporation, Ft. 
Wayne, Ind. , 

Gueffroy, R. S., Northwestern Electric Company, 
Portland, Ore. . 
Havens, E. G., New York and Queens Elec, Light 
and Power Company, Flushing, N. Y. ; 
Heinbach, P. R., American Potash & Chemical 

Corp., Trona, Calif. } 
Hewitt, G. W., Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa. 
Hiller, J., 924 West End Ave., New York, N. Y. 


Laboratories, 


J., West Penn Power Company, 
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Holland, J. 
Canada. 

Horne, M. R., I-T-E Circuit Breaker Company, 
Dearborn, Mich. 

Horsfall, W. H. D., Canada Wire and Cable Com- 
pany, Ltd., Toronto, Ont., Canada. 

Howarth, G. A., Utah Power and Light Company, 
Salt Lake City. 

Howe, C. F., Jr., Independent System Subway, 
New York, N. Y. 

Ireland, L. G. (Member), (La.) 
Public Service Inc. 

Jessel, J. J.-A., Federal Power Commission, San 
Francisco, Calif. 

Kilian, J. M., Westinghouse Electric & Manufac- 
turing Company, Kansas City, Mo. 

Kodama, G. T., Globe Union Inc., Milwaukee, Wis. 

Kushler, C. A., Champion Spark Plug Company, 
Detroit, Mich. , 

Langhus, A., Commonwealth Edison Company, 
Chicago, IIl. 

oo Re: Public Service Commission, New York, 


Lowy, P. M., Y.M.C.A., Schenectady, N. Y. 

Mathews, J. A., 518 Nichols St., Clearfield, Pa. 

McClure, E. LeR., Milwaukee (Wis.) Electric 
Railway and Light Company. 

Menut, J. G., Securities & Exchange Commission, 
Washington, D. C. 
Meyers, R. S., American District Telegraph Com- 
pany, New York. N. Y. 
Montgomery, M. (Member), 
Company of Canada, Ltd., Vancouver, B. C. 
Moore, H. S., Rockbestos Products Corp., New 
Haven, Conn. 

Newell, E. L. (Member), Western Union Telegraph 
Company, New York. N. Y. 

Nichols, W. A., Northern Elec. Company, Ltd., 
Montreal, P. Q., Canada. 

O’Hanlon, J. R., Potomac Electric Power Company, 
Washington, D. C. 

O’Leary, R. E., Ohio Power Company, Coshocton. 

Powers, F. B. (Member), Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, Pa. 

Preve, F. P., 608 W. Elm St., Urbana, III. 

Rands, O. O., Bureau of Power and Light, Lus 
Angeles, Calif. 

Richter, W. (Member), A. O. Smith Corporation, 
Milwaukee, Wis. 


W., 122 Spruce St., Toronto, Ont., 


New Orleans 


English Electric 


Rickman, T. B. (Member), Mountain States 
peteppone and Telegraph Company, Denver, 
olo. 
Rosing, T. F., Cutler-Hammer, Inc., Milwaukee, 
Wis. 
Ruoff, G. M., Locke Insulator Corporation, Balti- 
more, Md. 


Schwartz, E. B., Globe Union, Inc., Milwaukee, 


Wis. 

Simrall, H. C. F., Mississippi State College, State 
College. 

Smith, R. E., General Electric Company, Cleve- 
land, Ohio. 

Smith, W. M. (Member), Vapor Car Heating Com- 
pany, Chicago, Ill. 

Snavely, A. B. (Member), Hershey Chocolate Cor- 
poration, Hershey, Pa. 

Speller, G. V., Toronto Hydro-Electric System, 
Ont., Canada. 

Teale, E. P. (Member), American Telephone and 
Telegraph Company, Richmond, Va. 

Thompson, H. A., General Electric Company, 
Schenectady, N. Y. 

Timmerman, M. C., New York Central System, 
Albany, N. Y. 

Treece, C. C., 337 Buchanan Hall, Fayetteville, 


Ark. 

Turner, R. C., Jr., Connecticut State College, 
Storrs. 
von Hippel, A. (Member), Massachusetts Institute 

of Technology, Cambridge. 
Walmsley, A. W., Electro Metallurgical Company, 


Alloy, W. Va. ‘ ee 
Wells, C. J. (Member), Interior U.S. Irrigation 


Service, Coolidge, Ariz. 


Weygandt, C. N., University of Pennsylvania, 
Philadelphia, 2 ; 
Willcutt, F. W. (Member), Potomac Electric 


Power Company, Washington, D. C. 
Winkler, M. R., General Electric X-Ray Corpora- 
tion, Chicago, Ill. , 

Wise, D. M. (Member), American Telephone and 
Telegraph Company, Philadelphia, Pa. : 
Wise, J. C., Rockbestos Products Corporation, 

Cleveland, Ohio. 
Wolf, F. E., Mountain States Telephone and 
Telegraph Company, Denver, Colo. : 
Xenis, C. P. (Member), New York (N. Y.) Edison 
Company. 
Young, C. C, Abington Electric Company, Clarks 
Summit, Pa. 


91 Domestic 


Foreign 

Carey, F. M., Hydro Elec. 
Tasmania. ; 

Iqbal, M. M., Power House, Qaziwara, Ambala 
City, India. . ee 

Keinath, G. (Member), Siemens & Halske, Berlin, 
Germany. : . 

King, J. L., Hong Kong (China) Electric Company. 

Newman, S. F., Taikoo Sugar Refinery, Quarry 
Bay, Hong Kong, China 

Tulloch, M. M., Kuala Kampar Tin Fields Ltd., 
Malim Nawar, Perak, Fed. Malay States. 

Vaughan, C. W. (Member), Eastern Trading Com- 
pany, Ltd., Sydney, Australia. ‘ 

Whitney, W. H. (Member), Mildura City Council, 
Victoria, Australia. 


8 Foreign 


Comm., Shannon, 


Engineering 
Diteratmre 


New Books 
in the Societies Library 


Among the new books received at the 
Engineering Societies Library, New York, 
recently, are the following which have been 
selected because of their possible interest 
to the electrical engineer. Unless otherwise 
specified, books listed have been presented 
gratis by the publishers. The Institute 
assumes no responsibility for statements 
made in the following outlines, information 
for which is taken from the preface of the 
book in question. 


SHORT WAVE WIRELESS COMMUNICA- 
ZION By A: . Ladner and C. R. Stoner. 
3 ed. N. Y., John Wiley & Sons, 1936. 453 p., 
illus., 9x6 in., cloth, $4.50. A practical presenta- 
tion of principles and practice, intended for radio 
engineers and operators. 


Die TECHNIK SELBSTTATIGER STEUER- 
UNGEN und ANLAGEN. By . Meiners. 
Munich and Berlin, R. Oldenbourg, 1936. 225 p., 
illus., 10x7 in., cloth, 12.50 rm. An account of 
modern developments in automatic switchgear and 
power plants, which describes modern equipment 
and processes, and their uses for automatic control 
from a practical point of view. 


THERMIONIC EMISSION. By T. J. Jones. ° 
Lond., Methuen & Co., Ltd., 1936. 108 p., illus., 
7x4 in., cloth, 3s. A survey of the fundamental 
principles to meet the needs of those contemplating 
experimental research. 


UNIVERSAL STRESS SAG CHART for 
Power Line Computations. By J. T. Hattingh. 
Lond. and Glasgow, Blackie & Son, 1936. 74 p., 


illus., 9x6 in., cloth, 12s. 6d. A method for 
determining sags and tensions in electric trans- 
mission lines, which has been used since 1926 by the 
Electricity Supply Commission of South Africa. 
The chart has proved sufficiently accurate for 
practical purposes for spans up to 800 to 1,000 feet 
and is adapted to all types of materials used in con- 
ductor and overhead cable design. 


WICKLUNGEN ELEKTRISCHER MAS- 
CHINEN und IHRE HERSTELLUNG. By F. 
Heiles. Berlin, Julius Springer, 1936. 185 p., 
illus., 9x6 in., cloth, 15.60 rm. Covers the wind- 
ing of electrical machinery with emphasis upon the 
practical side. 


PLANE TRIGONOMETRY. By E. S. Allen. 
N. Y. and Lond., McGraw-Hill Book Co.,. 1936. 
152 p., diagrs., tables, 8x6 in., cloth, $2.25. Em- 
phasizes the subject of projections and presents a 


new treatment of complex numbers. A _ set of 
6-place tables is bound with the text. 
Great Britain, Mines Department. REPORTS 


of H.M. INSPECTORS of MINES under the Coal 
Mines Act, 1911, for the YEAR 1935. 1. Scot- 
land Division. 2. Northern Division. 3. York- 
shire Division. 4. North Midland Division. 5. 
North Western Division. 6. Cardiff and Forest 


of Dean Division. 7. Swansea Division. 8. 
Midland and Southern Division. Lond. His 
Majesty’s Stationery Office, 1936. Illus., 10x6 


in., paper, ls. each part (Obtainable from British 
Library of Information, N. Y., $0.35 each). Re- 
ports statistics of employment and output, and in- 
cludes discussions of mine lighting, and ventilation. 


Der WERT der WARMEERSPARNIS, er- 
lautert an der elektrowirtschaftlichen Gesamtsta- 
tistik. Deutschlands und der Vereinigten Staaten 
von Amerika 1912-1934; ein betriebswirtschaft- 


licher Beitrag zur Kostendynamik. By F. zur 
Nedden. Munich and Berlin, R. Oldenbourg, 
1936. 163 p., illus., 10x7 in., paper, 8 rm. 


Through an analysis of statistics of German and 
American electric power industries, a method is de- 
rived for determining the point at which the invest- 
ment of further capital to effect savings in fuel be- 
comes unprofitable. 


HANDBOOK of ENGINEERING FUNDA- 
MENTALS. (Wiley Engineering Handbook Se- 
ries, v. 1). Ed. by O. W. Eshbach. N. Y. and 
Lond., John Wiley and Sons, 1936. 1081 p., illus., 
9x6 in., lea., $5.00. .The first volume in a pro- 
posed new engineering handbook series. Includes 
a summary of the principles of mathematics, phys- 
ics, and chemistry, properties of materials, mechan- 
ics, and mathematical tables. 
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1936 Index—Electrical Engineering and Transactions 


This multientry annual reference index covers 
comprehensively the entire text content of the 12 
issues of ELECTRICAL ENGINEERING published during 
1936 and of the identical content of the 1936 AIEE 
TRANSACTIONS, volume 55. 


Discussions have received particular attention and a 
special effort has been made to provide effective 
correlation between references to technical papers 
and to all published discussions of those papers. In 
this connection it is of importance to note that dis- 
cussions of many technical papers published during 
the latter half of 1935 were published in the early 
part of 1936, and hence appear in this current index. 


Likewise, many discussions of the later 1936 papers 
will be published early in 1937, and consequently 
will not be found among the references contained in 
this current index. 


For convenience in use, this index is subdivided into 
the following general divisions: 


1. Technical subjects. 

2. Authors, including the writers of discussions. 
3. News items pertaining to Institute activities. 
4. News items of a general nature. 
5 


Biographical (personal and obituary) items. 


Division I— 
Technical Subject Index 


Apparatus for Diesel Cars and Loco- 


Are Furnaces, Power Company Service 


Automatic Boosters on Distribution 
Cireuitss Olmsted cnee see 1083-96 
Automatic Control for Mercury Are 


to. Clark. (Nov. 1935, p. 1173- Dis@iabaiiesctihe cera eaee eee 893 
8) Automatic Load Control, Remote 
Adyanced Course in Engineering, An. Discs jase dd ee 412 Metering and. Logan.......... 40-7 
Stevenson, Howard. (March Armature Leakage Reactance, Test Dises and ‘closuresea: ase see 891 
1935, p. 265-8) Values of. Rogers. (July 1935, (Automatic Stations) An Electronic 
DISC MANCUCLOSUTO s.r. ruc sie teens = 181 p- 700-05) Regulator for D-C Generators: 
Algebra Applied to 3-Phase Circuits, Diset Cee oe ee. 284 Guillikséninean5te: coco eee 873-5 
acto. Rae a 876-82 Armature Resistance of Synchronous (Automatic Stations) Automatic Con- 
Algebra in Transformer Circuits, Machines, Tests on. Robertson. trol for Mercury Arc Rectifiers. 
Wihensor. | Bewley.4-024.-- 45-5. 1214-9 (July 1935, p. 705-09) _ Bany, Reagan................-. 100-09 
All-Service Vehicle, Development of Discs andiclosuresas eee 283 Dis: scien .cigegeuek eee eee 893 
POM Solire: boc nna 236-40 Arresters, Discharge Currents in Dis- (Automatic Stations) Electrical Equip- 
A-C Characteristics of Dielectrics—II. tribution. McHachron, Mc- ment for Waterworks Systems. 
[SOROS Lee ee Ce eee 1329-37 Morris. (Dec. 1935, p. 1395-9) Canariis:... Ss thiacnee eee 36-40 
A-C Electrolytic Capacitor, The. Disc, and closure... -. eee 814 Disesand? closures eee eee 1039 
Lomont, Dunleavey. (Oct. 1935, Associates, Members, and Fellows. (Automatic Stations) Supervisory 
p. 1058-63) Meyer inc eterno 2 ee 571 Control and Remote Metering. 
DY (iticcc ald A 287 Atomic Nucleus, Exploring the. Duer 3.05 +3045 eee eee 70-5 
A-C Machines, Operational Solution Dushman..- 22-4. .- 222s eras 760-7 Disc... 66-2. eee eee eee 890 
Of illommWellesn sia ae oe. 1191-1200 Audio Transformers, High Power. 
(A-C Machines) Self-Excitation of a Petersin-cioee sos oe Caen 34-6 
Frequency Converter. Hess. Dise. and\closure:.. 42s 889 
(Dec. 1935, p. 1359-66) B 
DISC aANnGUClOSUNO S128 woke ees a antes ee 894 
A-C Pee Machines, Tests on Battery Charging, Storage. Wood- 
ae ee Protection for. Page Allocations by Issues bridge. (May 1935, p. 516-25) 
Sam Sen A Sata cin On tan mee wear 4 Dise. and closure Pelee use) fee Shee 190 
fast Anciversary January sas... oe ieee NN. Wola 
(See Also, Under “News of AIEE Bipolar Induction Meter, Torque in a. 
Activities’’) ; REOPUAIY 2. castncee fn ve cee 129-994 Morton.,.4.002 oc ee 354-8 
Early History of the A-C System in Disc eels eiin Ws ee 893 
America. Chesney, Scott....... 228-35 “Biway”’ System of El ot ic Pl; tfo ma 
Alternators, Insulation for High Volt- Marchigisa at -: <-. nae 225-320 for Mass re The. “Stoneel 
age. Laffoon, Calvert. (June (Dee. 1935, p. 1340-7) 
nie p. 624-31) April 391-439 Disc: andiclosurenn cence eee 822 
ASC RATIGLCLOSULOs chen ole hereunto il ¢?¢ Board of Directors, Report of the...... 795-808 
Ammeter, The Compensated Thermo- Boosters on Distribution Circuit 
couple. Goodwin.............. 23-33 May 433-568 Automatic. Olmsted aoe 1083-96 
nee and closure. weet deere eens 407 Boulder Dam Disconnecting Switches, 
p poche pk oF pesonce Oe JUNGE snes os eee 569-756 287-Kyv. Bowie, Garman........ 582-09 
eon ouple mp a a Cees Roe areas Cooling of 
letaky........ (beens betes — tatin achines. Laffoon.... 703-9 
eee. - Sara ee Cee 
wef Engineering JUN. eee eee eee eee 757-852 Boulder Dam Line, Circuit Breakers 
‘aduates, An..... eee setae 952-3 for. Prince. (Apr. 1935, p. 366- 
Analysis of Rectifier Filter Circuits. August 853-948 72) ; 
Deedee Gopt10a6.p 977-84) 0) fUS US een >. . ae é 
eee Bs . Hie an closure. ttt tee eee ete 196, 269 
Analysis of the Shaded Pole Motor, An. September. «20: sos. 5. SAO 1ODO s ae ee ee pie: 
i OLN ga ee 1007-14 Dis aniéeocies <a ae, 
Analysis of Unsymmetrical Machines. Octob 4 1164 Boulde DE Cie > A eolenan hed ae 
cree iioley ae A EAE ERAS, 5 csp 057-116 er Dam-Los Angeles Lines, 
ene a as ee Engineering Features of the. 
Poi sag! of Seuchtonee Nlovemberma:. 0... ee 1165-1996 pipes uae br 
Motors. h 7 i 
ee see Dawson. (Nov. Discsand closure: 4... .48see eee 200, 282 
oe pe Be Decembers..)cco%.:... eee 1297-1428 (Boulder Dam) Power Transformers 
Anniversaries. Meyer............. 227 Fe eee 
: Vogel : 0. csi eins ce 438-44 
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TECHNICAL SUBJECTS 


ELECTRICAL ENGINEERING 


(Boulder Dam) Power Transformers 

With Concentric Windings. 

PALL OW Pee Vee oe srck thie cc'ss Oe eee: «cs 649-59 
1272 
(Boulder Dam) Special Tests on Im- 

pulse Circuit Breakers. Skeats.. 710-17 
Breakdown Curve for Solid Insulation. 


Montsinger. (Dec. 1935, yp. 
1300-01) 
Miseand ClOSULC.....:l.cyate socked; 399 


Breakdown in Vacuum, Effect of Total 
Voltage on. Anderson. (Dec. 
1935, p. 1315-20) 
PDISC ANG CIOSULC.<.... sesc so sd Paes 830 
Breakdown Voltage, Effect of Ultra- 


violeton. Nord. (Sept. 1935, p. 
955-8) 
PscmaNcrClOSULe. meee oc Scans Gren 272 


Breaker and Voltage Recovery Tests, 
Oil Circuit. Poitras, Kuehni, 
Skeats. (Feb. 1935, p. 170-8) 
Discwand closures... 0.500. sa 193, 269 
Breaker Performance Studied by 
Cathode Ray Oscillograms. Van 
Sickle. (Feb. 1935, p. 178-84) 
ise anGduclOSUres. 66. elo L Sy cs 194 
Brush Jumping, Flashing of Railway 
Motors Caused by. MHellmund. 
(Novy. 1935, p. 1178-85) 


mDisc wANGIClOSUTC). .cteet). oa. « < 812 
Brush Wear, Electrical. Hessler. 
(Oct. 1935, p. 1050-4) 
DIsceand ClOSUPCs—.s6 5... anes © 406 


‘g 


Cable and Damper Vibration Studies. 
TRAN OXSIST= ty Spud nas cae oe 600-14 


WP isemanGrClOSULCk a. sau. se. ees 1149 
Cable Code Translator System, A. 
Connery. (Nov. 1935, p. 1162- 
6) 
WDiscwand Closures. 4... ows ose 819 
Cable Insulation, A Criterion of Qual- 
ity of. Wyatt, Spring. (Apr. 
1935, p. 417-21) 
Miserand ClOSULe..: .. 20... + ae 204 
Cable Insulation, Studies of Stability 
of. Halperin, Betzer........... 1074-82 
Cable Lengths, Crossing the St. Law- 
rence With Unstressed. Mace, 
SINHIGKCMAPPAAIN NT .s2/0 sie 'dans oss, cco 164-7 
Cable Vibration—Methods of Meas- 
urement. Carroll, Koontz....... 490-7 
MDISCMANGECIORUTO ass cos cic em seers 1147 


Cables and Dampers—I, Vibration of. 
SCUrmOe eee tien ce eas Hlesehe 455-65 


SHRUB OIG 9 0.0. 50 .0.0.0 Soa OMNES 673-88 


Wiscmandiclosuremminn ics. cence 1147 
Cables, Economical Loading of Under- 
ground. Church. (Nov. 1935, 
p. 1166-72) 
Wisezand ClOBUTC... «cect te 396 
Cables, Impedance Measurements on 
Underground. Webb, Manz..... 359-65 
WiscmancdiclOSUTe nied «ceils let 1138 
Calculations for Coreless Induction 
Furnaces. Dwight, Bagai. (March 
1935, p. 312-15) 
Widow andiclosures sete e ss = sole om 187 
Calculations of Resistances to Ground. 
TOAD CONS oc Oo ckd 00 Cie acieape ICL icin 1319-28 
Calibration of Microphones, The. 
(Comerepts)ionni ses cuneate 241-5 
Calorimetric Measurement of Dielec- 
tric Loss. Race, Leonard........ 1347-56 
Capacitor, A New Carrier-Current 
Coupling. Eby. (Aug. 1935, 
p. 848-52) 
Wp ResTANGd CLOBUTO=. scree «1 es (one 281 
Capacitor, The A-C Electrolytic. 
Lomont, Dunleavey. (Oct. 1935, 
p. 1058-63) 
DISC roi oie © systeae ee ao 0 le. wo leerone 287 
Carrier-Current Coupling Capacitor, A 
New. Eby. (Aug. 1935, p. 848- 
52) 
Wises ANC! CLOSULOe ee. « + s-0)« 2% «icin ne 281 


1936 REFERENCE INDEX 


Carrier Pilot Relay System, A Faster. 


piraver, Dane Kery tsods cs: + santas 688-96 

TO TAC teat. Peete sts als ack anaete 1252 
Carrier Relaying and Rapid Reclosing 
at 110 Kv. Pierce, Powers, 

Stewart, Heberlein.............. 1120-9 
Cars and Locomotives, Electrical 

Apparatus for Diesel. Smith.... 335-41 

DISCH  :... LSE Ce tee ee i oo 1385 
Cathode Insulation Performance, 

Heater-. Klemperer............ 981-5 


Cathode Ray Oscillograms, Breaker 
Performance Studied by. Van 
Sickle. (Feb. 1935, p. 178-84) 
Dise-vanduclosure. 9.2 fee. <ccasee 194 
Cathode Ray Oscillograph for Observ- 
ing 2 Waves, A. George, Heim, 


Mayer, Roys. (Oct. 1935, p. 
1095-1100) 
Miser andsclosure..... serene 270 
(Cathode Ray Oscillographs) Elec- 
tronic Transient  Visualizers. 
OIC IMM: act ence. eee 1314-18 


Central Station Industry, The Influ- 
ence of James Watt on the. 


OREO KR res oe ans ds a 358 
Charges About a Conductor, Fields 
ANG eat OOVER.. 7. ous ee 448-54 
Disewanduclosures...)... 40 Seeeewnee re 1269 
Circuit Breakers for Boulder Dam 
Line. Prince. (Apr. 1935, p. 
366-72) 
Discwan GdsClOsure... +: 6. seen 196, 269 
Circuit Breakers for Boulder Dam ; 
ineseyvalcox, Leedsweeescs.... 626-35 
Disemandeclosurese oes 1250 
Circuit Breakers for Steel Mill Serv- 
ice, D-C. Deans. (June 1935, 
p. 594-8) 
DIS CMRP Es. 'i. 555 So ON ER ee 170 
Circuit Breakers, Special Tests on 
impulse.) Skeatsaseeeee ee | ene O17 
Dischand closureswee ere 1256 
Circuit Recovery Rates, The Deter- 
mination of. Boehne. (May 
1935, p. 530-9) 
Discwand closure eee ee eae 191, 269 
Circuits, Analysis of Rectifier Filter. 
Stout. (Sept. 1935, p. 977-84) 
Disevand closure seems eee 280 
Circuits, Complex Vectors in 3-Phase. 
ots) CCIE cou. cr.q AEeBeo case gec ta eteis 1356-64 
Circuits, Current and Voltage Loci in 
3-Phase Delta-Delta. Seletzky, 
Sibila, “900512 eee oreo ea ecation 476-9 
Circuits, Current Harmonics in Non- 
linear Resistance, Owens. (Oct. 
1935, p. 1055-7) 
Disc -andsclosures pees ae cea ee 837 
Circuits, Dyadic Algebra Applied to 
3=Phase: + Sahtee eee eee 876-82 
Circuits, Equivalent, 2 Coupled Cir- . 
cuits. Balsbaugh, Douglass, 
Gow; Lealit.. ero ene 366-71 
WDISO™ : Oca Wee ee eee 1037 
Circuits, Operational Solution of Elec- 
trices) “Drunebtianeer eerie ena 158-64 
Circuits, Steady State Solution of 
Saturated. Beckwith. (July 
1935, p. 728-34) 
Wise:.and: closuré:.-— er eee 282 
Circuits, Tensor Algebra in Trans- 
former. Bewley..neeenern.- 1214-19 
Circuits, Tensor Analysis of Multi- 
electrode-Tube. Kron.......... 1220-42 
Cobalt, Magnetic Alloys of Iron, 
Nickel, and. Elmen. (Dec. 1935, 
p. 1292-9) 
Mises and Closure. eee ie 887 
Code Translator System, A. Connery. 
(Nov. 1935, p. 1162-6) 
ise, and closure spare ee ee 819 
Cold-Cathode Arc-Discharge Tube, A. 
Germeshausen, Edgerton...... 790-4; 809 
““Comet’’—A Diesel Electric Unit 
Train, The. Candee. (Nov. 1935, 
p. 1240-5) 
DiscHand«closure: semester tion's es 819 


TECHNICAL SUBJECTS 


(Com. rept.) Lightning Protection for 


Transformers......... 53-6 
DISC: Ses HRM erties share oo pcb beaters 918 
(Com. rept.) Modernization of Trans- 
TNISSIOTL AMEN ee oem ss potter ait ote 12-8 
DISC OS. es Sere cos Coat nals 919 
(Com. rept. ) Progress in the Produc- 
tion and Application of Light..... 1111-20 
(Com. rept.) Revised Sphere-Gap 
Spark-Over Voltages............ 783 
(Com. rept.) The Calibration of Micro- 
phones. «ota sae renee tavel seas heise 241-5 
(Communication) A Cable Code 


Translator System. Connery. 
(Nov. 1935, p. 1162-6) 
Disc.,and closures...g) ee ee eee 819 


(Communication) A New Carrier-Cur- 


rent Coupling Capacitor. Eby. 
(Aug. 1935, p. 848-52) 
Disevand' closures... .. s0 eee 281 
(Communication) A New Telephoto- 
graphSystem. MReynolds....... 996-1007 


(Communication) A Transmission 
System for Teletypewriter Ex- 
change Service. Pierce, Bemis... 

(Communication) Calorimetric Meas- 
urement of Dielectric Loss. 
Race Leonardaastere: «oc nme 1347-56 

(Communi¢ation) Dial Switching of 
Connecticut Toll Calls. Robb, 
Mallard McPhee anpreeinersiasers 773-83 

(Communication) Earth Resistivity 
and Geological Structure. Card. 


961-70 


Disce fos ee eee ee ee 836 
Communication Equipment, Silicon 
Steel in. Crawford, Thomas. 
(Dec. 1935, p. 1348-53) 
Dise.-andiclosure.) eee ee 883 
(Communication) Fields Caused by 
Remote Thunderstorms. Gould. 575-82 


Disc and closure. aes ee 1271 
(Communication) Heater-Cathode 
Insulation Performance. Klem- 
perers .hashase eet ee 981-5 
(Communication) High Power Audio 
Transformers. Peters........... 34-6 
Discandiclosuresen ee een tee 889 
Communication, Locomotive to Ca- 
boose:Radion  Bllishe nomen eee 109-13 
Discs ana closures ee 825 


(Communication) Magnetic Alloys of 
Iron, Nickel, and Cobalt, El- 
men. (Dec. 1935, p. 1292-9) 
Disczandiclosure-eee eee eee 887 
(Communication) Measurement of 
Telephone Noise and Power Wave 
Shape. Barstow, Blye, Kent. 
(Dec. 1935, p. 1307-14) 
Discmand closures ieee 818 
Communication, Neutralizing Trans- 
former to Protect Power Station 
Communication. George, Hona- 


man, Lockrow, Schwartz........ 524-9 
(Communication) Permanent Magnet 

Materials. Williams............ 19-23 

DISC. er eek ee ee ee 885 


(Communication) Present Status of 
Ferromagnetic Theory. Bozorth. 
(Nov. 1935, p. 1251-61) 
Dise: andiclosures;40- eee 884 
(Communication) Switchboards and 
Signaling Facilities of the Tele- 
typewriter Exchange System. 
Knowlton, Locke, Singer........ 1015-25 
(Communication) The Calibration of 
Microphones. (Com. rept.)..... 
(Communication) The Hawaiian Ra- 
diotelephone System. Harrington, 
Hansell. (Aug. 1935, p. 822-8) 
Discv and closure... came eee 290 
Communication Transformers, Im- 
provements in. Ganz, Laird. 
(Dec. 1935, p. 1867-73) 
Diser andiclosures sess em aiee ene 890 
Commutated Stationary Conversion, 
Vibratorily. Southgate. (Nov. 
1935, p. 1213-21) 
Disc. andiclosurev... eee eee 404 


241-5 


(Commutation) Flashing of Railway 
Motors Caused by Brush Jumping. 
Hellmund. (Nov. 1935, p. 1178-85) 


Discijand closurés......64..2- e050 812 
(Commutation) Sliding Contacts— 
Electrical Characteristics. Baker 94-100 
Diso. and closure....:....0:+s+845 821 
Compensated Thermocouple, Am- 
meter, The. Goodwin.........- 23-33 
Disc. and closure.......:.-+-++++:> 407 
Complex Vectors in 3-Phase Circuits. 
SANE nc cl oer coc 1356-64 
Compounded Rectifiers, Self-Regu- 
lated. Goodhue, Power.........1200—-05 
Concentric Windings, Power Trans- 
formers With. Paluev.......... 649-59 
IgGs ANGuCLOSULG «th & stores) apni ctenheletsce 1272 
Conductor, Fields and Charges About 
AmB EL OON OD iis, sco tahatcesbesinoneamisets |: 448-54 
Miscsand ClOBUre..,.-cwic de nettle ee <6 1269 
Conductor Vibration, Laboratory 
Studiesols Carroll tyes.eteese' «0 « 543-7 
PDISCHANDGClOSUTCha aavalsioher ses sce iay Dials 1148 
Conductors, Currents and Potentials 
Along Leaky Ground-Return. 
Under te teeerickes 3 aheus chavs sahortis 1338-46 
Connecticut Toll Calls, Dial Switching 
of. Robb, Millard, McPhee..... 773-83 
Contacts—Electrical Characteristics, 
Sliding: baker vcisincleisre-s.ct tka 94-100 
WDISCMANG! CLOBUTE 7.) sera: sverss nei senles. 5) 821 
(Control) A New Carrier-Current 
Coupling Capacitor. Eby. (Aug. 
1935, p. 848-52) 
DISGMANCUCIOSUTORs riste cei yeccvatsueessl s 281 
(Control) ‘Angle Switching’ of 
Synchronous Motors. Shutt, 
Dawson. (Nov. 1935, p. 1191-5) 
PIS Cs ATL ACLOBUL Gaines visterticeis ausests ovsie 895 
Control Gap for Lightning Protection, 
The. Higgins, Rorden.......... 1029-34 
Control for Mercury Arc Rectifiers, 
Automatic. Bany, Reagan...... 100-09 
IDWELO Ss oct, 5:04 RORORES ER RRO ear eee 893 
Control, Remote Metering and Auto- 
matic Load.) Logani....ics..s. 40-7 
IDS ma IClOBULG: cectattalae wrasate rs cr 891 
Conversion, Vibratorily Commutated 
Stationary. Southgate. (Nov. 
1935, p. 1213-21) 
DISC HAM CUCIOSUTC yeierogs tei. s sve-eke veils @ 404 
Converter, Self-Excitation of a Fre- 
quency. Hess. (Dec. 1935, p. 
1359-66) 
MDISCaANG) CLOSUTE... + ists .d.e a is,eesis, ye 3) 894 
Cooling, Hydrogen—With Near-Criti- 
cal Velocities. Penney.......... 530-4 
PDISG wat CUCLOSUTOS satiate -ctavadens, gece 1248 
Corona Losses at 230 Kv With One 
Conductor Grounded. Carroll, 
Simmons. (Aug. 1935, p. 846-7) 
DIS Comer tas anes Wi tueys apivertiasehs elas a 206 
Coupling Capacitor, A New Carrier- 
Current. Eby. (Aug. 1935, p. 
484-52) 
MPD ISC MANGKCLOSULO ns, sores weieiejelatee «lc. ehe 281 
Criterion of Quality of Cable Insula- 
tion, A. Wyatt, Spring. (Apr. 
1935, p. 417-21) 
WDISCMANGICLORUTO Asc cue cecil cial as 204 
Crossing the St. Lawrence With Un- 
stressed Cable Lengths. Mace, 
MDIGHOMNE. ethos en narde. ble iee 164-7 
OGLE 04 5 aaa RR E cae 939 
Current and Voltage Loci in 3-Phase 
Delta-Delta Circuits. Seletzky, 
StH os| ei ire conan cis ee Be ee NS 476-9 
Current Harmonics in Nonlinear Re- 
sistance Circuits. Owens. (Oct. 
1935, p. 1055-7) 
DISGH ANG CLOSUTOs,. 1.1 ts Her res ates 837 
Currents and Potentials Along Leaky 
Ground - Return Conductors. 
SUT CLOWeme rer cRaesticiccde is) yh psa eS 1338-46 
D 
Definitions of Power and Related Quan- 
tities. Curtis, Silsbee. Apr. (1935, 
p. 394-404; disc. Oct. 1935, p. 1120) 
HBO ATG ClOBUTE. «2% <6. sedi vee 182 
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Damper Vibration Studies, Cable and. 


Pipes isc eros eiachehs bans. eames 600-14 
Disc. and closure..... eh xe ce 1149 
Dampers—I, Vibration of Cables and. 
Stuns. aoe ete eae ek ao Sm 455-65 
Disc. and closure: ao aes eee 1147 
Dampers—II, Vibration of Cables and. 
Sturm see ane 5 ees pe hes «cael 673-88 
Disc. .andvolosuress erento. lke 1147 
Design and Operation of Huntley Sta- 
tion No. 2. Cushing. (June 
1935, p. 632-45; disc. Sept. 1935, 
p. 996) 
Dise;sandiclosuxe serene ai. 4 172 
Determination of Circuit Recovery 
Rates. Boehne. (May 1935, p. 
530-9) 
Disc.and closures...s-eeee is oe 191, 269 
Development of the All-Service Ve- 
hicles"\Schreibers.. seen eer: 236-40 
Developments in the Steel Industry, 
Electrical. Wright............. 1168-73 


Dial Switching of Connecticut Toll 

Calls. Robb, Millard, McPhee.. 773-83 
Dielectric Loss, Calorimetric Measure- 

ment of. Race, Leonard........ 1347-56 
Dielectric Research, Recent Progress 


ing seWhitehead avec peer eerie tes 1180-5 
(Dielectric) Two Methods of Mapping 
Flux Lines. Godsey. (Oct. 
1935, p. 1032-6) 
Dise;-and. closures. sister ane 826 
(Dielectrics) Studies of Stability of 
Cable Insulation. Halperin, 
Betzer ss sar .c:s, (Sees 1074-82 
Dielectrics—II, A-C Characteristics 
of. “Banos.is..i nom teks tere e. 1329-37 
Diesel Cars and Locomotives, Electri- 
cal Apparatusfor. Smith........ 335-41 
Di8e. Se eee ea ae 2 eee 1385 
Diesel Electric Motive Power for Rail- 
roads. Candee. (Aug. 1935, p. 
863-8) 
Dise. andiclosures.;.«<.1)o ees 294 
Diesel Electric Unit Train, The 
“Comet.” Candee. (Nov. 1935, 
p. 1240-45) 
Dise, and closure... ..,. «eee 819 
D-C Braking of Induction Motors. 
Harrell, Hough. (May 1935, p. 
488-93) 
Dise} and closure: ss... 167 
D-C Circuit Breakers for Steel Mill 
Service. Deans. (June 1935, p. 
594-8) 
Dis6 Ss 5.c etcty aeoceioet craves ioe een 170 
D-C Controlled Voltage Regulator, A. 
Odessey ?)..ato. cd gates pete 956-60 
Directors, Report of the Board of...... 795-808 
Discharge Currents in Distribution 
Arresters. McEachron, Mc- 
Morris. (Dec. 1935, p. 1395-99) 
Discsand closureas ac eee nents 814 
Disconnecting Switches, 287-Kyv 
Boulder Dam. Bowie,Garman.. 582-9 
Distance Ground Relay, A. New. 
Goldsborough, Smith............ 697-703 
Diserand closure... 2. snes 1255 
Distance Relays, Performance of. 
Calabrese:..,..6..0<) See PEE 660-72 
Disc; ‘andi closures. «ac. eet 1254 
(Distribution) A Criterion of Quality 
of Cable Insulation. Wyatt, 
Spring. (Apr. 1935, p. 417-21) 
Discs and closure: as. se eee 204 
(Distribution) A New Carrier-Current 
Coupling Capacitor. Eby. (Aug. 
1935, p. 484-52) 
Dise: and) closure:,..ass: o-eemeeeEie 281 
(Distribution) Cable and Damper 
Vibration Studies. Pipes........ 600-14 
Disc. and closure!. i... eee 1149 
(Distribution) Cable Vibration— 
Methods Measurement. Carroll, 
KoontZ2) «0.50: 08 oe 490-7 
Dise: andiclosure..;.. eee 1147 
(Distribution) Calculations of Resist- 
ances to Ground. Dwight....... 1319-28 
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(Distribution) Carrier Relaying and 
Rapid Reclosing at 110 Kv. 
Pierce, Powers, Stewart, Heber- 


(2h) are SUE Ai EN ic 1120-9 
(Distribution) Circuit Breakers for 
Boulder Dam _ Line. Wilcox, 
Leeds hex aot ats:s Ser oe ke pratee 626-35 
Discssand closures. cere = + ete 1250 
Distribution Circuits, Automatic 
Boosters on. Olmsted.......... 1083-96 
(Distribution) Corona Losses at 230 
Kv With One Conductor 
Grounded. Carroll, Simmons. 
(Aug. 1935, p. 846-7) 
Dise; 2 Sass ieee 3 epee ieae one onaee 906 


(Distribution) Crossing the St. Law- 
rence With Unstressed Cable 
Lengths. Thicke, Mace......... ~ 164-7 
Distribution, Discharge Currents in. 
McHachron, McMorris. (Dec. 
1935, p. 1395-9) 


Dises and closure: vers dels euke erin 814 
(Distribution) Economical Loading of 
Underground Cables. Church. 
(Nov. 1935, p. 1166-72) 
Discy and, closures 2. ...ciceeree ieee 396 
(Distribution) Engineering Features of 
the Boulder Dam-Los Angeles 
Lines. Seattergood. (May 
1935, p. 494-512) 
Disc. and closures... «+e 200, 282 
(Distribution) Equivalent Circuits—2 
Coupled Circuits. Balsbaugh, 
Douglass, Gow, Leal............. 366-71 
Dis@csiscace Shier eo ec oe ey rene 1037 
(Distribution) Experiences With a 
Modern Relay System. Gerell... 1130-6 
(Distribution) Fault and Out-of-Step 
Protection of Lines. Braley, 
Harvey. (Feb. 1935, p. 189-200) 
Dise; and closures-1 nee 197 
(Distribution) Fields and Charges 
About a Conductor. Hoover.... 448-54 
Dises and closures. > ..5- nen. Dla o nee 1269: 
(Distribution) Flashovers on Trans- E 
mission Lines. Bewley.......... 342-54 
Disewandiclosurctereert eee 1136 
(Distribution) Impedance Measure- 
ments on Underground Cables. 
Webb) Manz. Sqn. one 359-65 
Dises and, closurese pee 1138 
(Distribution) Laboratory Studies of 
Conductor Vibration. Carroll... 543-7 
Dise: and closure. sce see 1148 
(Distribution) Lightning Currents in 
Field and Laboratory. Bellaschi. 
(Aug. 1935, p. 837-43) 
Dise! and. closure wnat .4 5. eee 


393 
(Distribution) Lightning Investigation 
on a 220-Kv System—II. Bell. ..1306-13 
(Distribution) Lightning Investigation 
on Transmission Lines. Lewis, 


Foust. (Sept. 1935, p. 934-42) 
Discs and closures.n0n 2 ee ee 274 
(Distribution) Modernization of 
Relay Systems. Muller, Turner. 56-62 
Disood i ere ge fiece bavir toc chee 922 
(Distribution) Modernization of 
Transmission Lines. (Com. rept.) 12-18 
Dist), sts .orace economia ee ee 919 
(Distribution) Porcelain for High 
Voltage Insulators. Rowland.... 618-26. 
Disesand (closures: class see eee 1142 
(Distribution) Power Company Service 
to Arc Furnaces. Clark. (Nov. 
1935, p. 1173-8) 
Disa ee ccias obits eee ee 412 


(Distribution) Power Transformers for 
287.5-Kv Service. James, Vogel. 438-44 


Dise... .. Pan ey ca eee ee 1274 
(Distribution) Remote Metering and 
Automatic Load Control. Logan 40-7 
Diseand closures..- eee 891 
(Distribution) Resolution of Surges 
Into Multivelocity Components. 
Bewley. (Nov. 1935, p. 1199-1203) 
Disci-and ‘closurew vcs. see eee 903 
(Distribution) Sinusoidal Traveling 
Waves. Weber, Kulman........ 245-51 
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(Distribution) Special Tests on Im- 
pulse Circuit Breakers. Skeats. . 
EDIRC, ANG'ClOBUTO.. 5.04.6. va ole ne 
(Distribution) Steady State Solution of 
Saturated Circuits. Beckwith. 
(July 1935, p. 728-34) 
eisc. and closure............0.05- 
(Distribution) Studies of Stability of 
, Cable Insulation. Halperin, Bet- 


710-17 
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Distribution System, Lightning In- 
¢ vestigations on a. Halperin, 


REMOSSOL Ae else rc feet Na Ree 63-70 
BSC TALGCLOSULe © es ee «aie cae 903 
Distribution Systems, Modernization 
OLAV OWED,  SECLVOnes occ cle dew ccs 75-84 
MeDisc. and closure... .......00000 08 914 
(Distribution) Tests on Oil Impreg- 
mated Paper. Race..........5-.. 590-9 
MEGANE ClOSUTO Ss <clare ../ats nds 4 45 1140 
Distribution Transformer Lightning 
Protection Practices. Smith..... 47-53 
OIA TL GROLOSUTOS sinls, = che-c1c nist a ooelens 911 
Distribution Transformers, Lightning 
Protection of. Flanigen. (Dec. 
1935, p. 1400-05) 
BBISCMANCECLOSUTC..%<, a0. sete tes 909 
(Distribution) 287-Ky Boulder Dam 
Disconnecting Switches. Bowie, 
BC ATTIN AT FOUR IG eos eae eect es 582-9 
(Distribution) Vibration of Cables and 
Dampers—I. Sturm........... 455-65 
Disom and ClOSUre:......cc stabi cals aes 1147 
(Distribution) Vibration of Cables and 
Dampers—II. Sturm........... 673-88 
Meise. and closure....2......... 0.0; 1147 
Disturbance Duration Recorder, A 
LSE, BR Pers cr ERE oe 8 1025--8 
Dyadic Algebra Applied to 3-Phase 
Win cuiGsesSal ees... cs es ca kee 876-82 
SUAS. ch) Bo etre 6 oka ener Re a 1287 
gi 
Early History of the A-C System in 
America. Chesney, Scott....... 228-35 
‘Earth Resistivity and Geological 
Structure. Card. (Nov. 1935, 
— yp. 1153-61) 
LONER of, = ic toco US cea REO IRERMREEG oi 3. x9r2 836 
Economical Loading of Underground 
Cables. Church. (Nov. 1935, p. 
1166-72) 
UDISCe ANGICLOSUTOsas'- ° «fas se eee 396 
(Education) An Advanced Course in 
Engineering. Stevenson, How- 
ard. (March 1935, p. 265-8) 
PDISCMANGACLOSUTO). csi \e tied sis bos 181 
(Education) An Analysis of Electrical 
Engineering Graduates.......... 952-3 
(Education) Exploring the Atomic 
Nucleus. Dushman............ 760-7 
Education—Opinions and Influencing 
Factors, Engineering. King, 
ishibacher Seen eam. a5 one i 730-4 
ID ISCMAMOKGLOSULGT Ss cicis 4 te4 = cushions 1146 
Education, Professional Aspects of 
INGINCGRIN Ge rmeisee s «lew e oe hee he 863-76 
LUGIRINE. Sap ei SinG alc) Oho eee Ceca 1045 
(Education) Research and Social 
Progress. Kettering............ 324-8 
Education, The New Epoch in Engi- 
MoeeLime ee NVA Se.)yte me ¢ercneiere ete 132-6 
(Education) The Young Engineer 
Under Changing Conditions. 
TERS Uleayb ANG Ue 0 gear EBs coc Ae eee 329-34 
Wisc uanduclOosUure® a... eee eae 1151 
(Education) ‘“‘What Is Electricity?” 
Gy eee seek rate tees wos lerttens 4-11 
(Education) What’s Next in Science? 
(Choy STOR HOY Us cere ch Lota encronO chonolonos a> < 436-7 
(Education) Why the Engineer? Du- 
“Betas ee lS ole tay Cinta, cocoa OF 1301-03 


Effect of Electric Shock on the Heart. 
Ferris, King, Spence, Williams... .498-515 


WDISG. ANG.CLOBUTe. sates ck oes etek 1263 
Effect of Total Voltage on Breakdown 
in Vacuum. Anderson. (Dec. 
1935, p. 1315-20) 
MDIECO ATIC CLOSULG Hes «6 es tis Semehns 830 
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Effect of Ultraviolet on Breakdown 
Voltage. Nord. (Sept. 1935, p. 
955-8) 

Disen and. ClOsMtOmarseca we dare sae’ Gee PHY) 
Effective Co-ordination. Meyer..... 131 
Effective Organization. Meyer...... 855-6 
Electric Platforms for Mass Transit, 

The ‘‘Biway”’ System of. Storer. 
(Dec. 1935, p. 1340-7) 

WSC ANGECLOBUTC «gees «hee 

Electric Power Equipment for Steel 
Plants. Wright. (May 1935, p. 
481-5) 

Disc, ANGECLOSUTC: \. Jee: = cee etok 
Electric Shock. (See Shock) 

Electric Welding. (See Welding) 

Electrical Apparatus for Diesel Cars 
and Locomotives. Smith........ 


822 


170 


335-41 
1385 
Electrical Brush Wear. 
(Oct. 1935, p. 1050-4) 
WDISCMANORCIOSUTC. anne ie ook 
Electrical Developments in the Steel 
Industry... Wrights. ...J4.)- .2.- 1168-73 
Electrical Equipment for Waterworks 
Systemss Canariish.., ee tonan 
DiscwANncclosurey. wwe: 
Electrical Features of the Texas Cen- 
tennial Central Exposition. Fies. 1060-74 
(Electrical Machinery) A D-C Con- 


Hessler. 


406 


trolled Voltage Regulator. Odes- 
BONAR nies colle 6s, cee ore 956-60 
(Electrical Machinery) A _ Static 
Thermionic Tube Frequency 
Changer. Schmidt, Griffith. 
(Oct. 1935, p. 1063-7) 
Disewandaclosure.).c.ce sae ies 407 


(Electrical Machinery) An Analysis of 


the Shaded Pole Motor. Trickey. 1007-14 
(Electrical Machinery) An Exact 
Formula for Transformer Regula- 
tion... Clem .:.c2craea eee 466-71 
Dise.-and closure eee tne 1274 
(Electrical Machinery) Analysis of Un- 
symmetrical Machines. Lyon, 
Kingsley: .:.. eee eee entre 471-6 
DISH. (75) .°. 5. eR aT ee 1247 
(Electrical Machinery) ‘‘Angle Switch- 
ing’ of Synchronous Motors. 
Shutt, Dawson. (Nov. 1935, p. 
1191-5) 
Dises ald): closureanternrtrteee eee 895 
(Electrical Machinery) Breakdown 
Curve for Solid Insulation. 
Montsinger. (Dec. 1985, p. 
1300-01) 
Disc; and ‘closureswereiee as see eee 399 
(Electrical Machinery) Electrical 
Brush Wear. Hessler. (Oct. 
1935, p. 1050-4) 
Disc..and:closures..= soe ee eee 406 
(Electrical Machinery) Flashing of 
Railway Motors Caused by Brush 
Jumping. Hellmund. (Nov. 
1935, p. 1178-85) 
Disc: 2nd Closure ae teen eri. 812 
(Electrical Machinery) Frequency 
Tripling Transformers. Cantwell 784-90 
i D)T- in Gio S 5 7 DSks GOA 1039 
(Electrical Machinery) Hydrogen 
Cooling of Rotating Machines. 
a floon. .. het oe Sena 703-9 
1 SSeS D Acts cs oe 1243 
(Electrical Machinery) Hydrogen 
Cooling—-With Near-Critical Ve- 
locities: “Lenney ees terns e 530-4 
Dises andiclosure.qsereaeieneeiey sa 1248 
(Electrical Machinery) Induction 
Motor Resistance Ring Width. 
TTI GKEY, hited!» team Tae here 144-50 
(Electrical Machinery) Induction 
Motors on Unbalanced Voltages. 
Reed Koopmanee geet sete sient 1206-13 
(Electrical Machinery) Induction 
Motors Under Unbalanced Condi- 
PiONSiy LUT: Oe peer mene aoe eka 387-93 
(Electrical Machinery) Inspection and 
Tests of Explosion-Proof Motors. 
INtickolls' ters... eerie. aS nc 151-8 
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(Electrical Machinery) Insulation for 
High Voltage Alternators. Laf- 
foon, Calvert. (June 1935, p. 
624-31) 

DiseP Arid! CLOSUTO .7 tae hes mares erences 

(Electrical Machinery) Load Losses in 
Salient Pole Synchronous Ma- 
chines. Pollard. (Dec. 1935, 
p. 1332-40) 

Disc t0:% ee arse 

(Electrical | Machinery) Magnetic 
Fields in Machinery Windings. 
Douglas. (Sept. 1935, p. 959-66) 

Dise: and’ clostires anemic se teste 

(Electrical Machinery) Negative-Se- 
quence Reactance of Synchronous 
Machines. 

(Electrical Machinery) Operational 
Solution of A-C Machines. Mil- 


177 


809 
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Thomas4..ehu eee 1378-85 


lor Welll:'s.« <ttocteete se eee 1191-1200 


(Electrical Machinery) Overrefined 
Oilsin Power Transformers. Ford 
(Electrical Machinery) Power Trans- 
formers for 287.5-Kv Service. 
JAMES, SVOLELGs ae ain aes ae ee 
USCS Sevens eet ete es os. hace 
(Electrical Machinery) Power Trans- 
formers With Concentric Wind- 
ings. 
Dises and) closures seamen o.2 oe 
(Electrical Machinery) Pull-In Charac- 
teristics of Synchronous Motors. 
Shoults, Crary, Lauder. (Dec. 
1935, p. 1885-95) 
Disenanduclosures+...cuciie ene 
(Electrical Machinery) Salient Pole 
Motors Out of Synchronism. 


(Electrical Machinery) Segregation of 
Losses in Single~-Phase Induction 
Motors. Veinott. (Dec. 1935, 
p. 1302-06) 

Disexand cclosuresee see 

(Electrical Machinery) Self-Excitation 
of a Frequency Converter. Hess. 
(Dee. 1935, p. 1359-66) 

Disc.,andcclosures.j.2-4 eae 

(Electrical Machinery) Self-Regulated 

Compounded Rectifiers. Good- 


371-5 


438-44 
1274 


649-59 
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896 


636-49 


1247 
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hue; Powershot a eee 1200-05 


(Electrical Machinery) Sliding Con- 
tacts—Electrical Characteristics. 


(Electrical Machinery) Split Phase 
Starting of 3-Phase Motors. 
Tracy, Wyss. (Oct. 1935, p.1068- 
72) 

Disc vandiclosure sje aeeeie eee 

(Electrical Machinery) Stray Load 
Loss Tests on Induction Ma- 
chines—II. Morgan, Siegfried... 

Disesandeclosuresc.ccncerer tee ee 

(Electrical Machinery) Switching 
Surges in Rotating Machines. 
CalwertaWielders4.eaa aot 

(Electrical Machinery) Synchronous 
Mechanical Rectifier-Inverter— 
II. Seyfert, Hibshman, Bom- 
Lover yi2s) Sahoo Meee rir iis Nn aie rls Gio osd NE 


(Electrical Machinery) Test Values of 
Armature Leakage MReactance. 
Rogers. (July 1935, p. 700—05) 

Diss. 2yqors ety Bee Eee ahaa 

(Electrical Machinery) Tests on 
Armature Resistance of Synchro- 
nous Machines. Robertson. (July 
1935, p. 705-09) 

Disc; and closure.-,..-tacne eee 

(Electrical Machinery) Tests on Light- 
ning Protection for A-C Rotating 
Machines: Hunter......¢5.0.56 

Disc; andeclosrewenen sates 

(Hlectrical Machinery) Time-Tempera- 
ture Tests to Detérmine Machine 
Losses. Ross. (May 1935, p. 
512-15; disc. Oct. 1935, p. 1107) 

Disc: andvelosures:..enl eee 
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(Electrical Machinery) Transient 
Voltages in Rotating Machines. 


Hunter. (June 1935, p. 599-603) 
iseaancd GlOsUTes mits al. © «5 + uetee 174 
(Electrical Machinery) Vibratorily 
Commutated Stationary Conver- 
sion. Southgate. (Nov. 1935, 
p. 1213-21) 
Disc; and closure. ........0+:88-+ 404 
Electrical Measurement of Silk Thread 
Grantee, SUG eoen oon coe Gna 991-6 
Electrical Studies of Living Tissue. 
Conrad, Teare, Haggard......... 768-72 
Electrochemical Industry in Japan, 
Re mee Da kcel a2: .s: sietshycteyoust coer eene 252-4 
Electrochemistry (See Electrometal- 
lurgy) 
Electrolytic Capacitor, The A-C. 
Lomont, Dunleavey. (Oct. 1935, 
p. 1058-63) 
DSC Ae oth AEN eieRe Ene wares ot 287 
(Electrometallurgy) Calculations for 
Coreless Induction Furnaces. 
Dwight, Bagai. (March 1935, p 
312-15) 
WISGBANGNCIOSUTEC a sje arey cise stelere seve eueys 187 
(Electrometallurgy) Induction Heating 
at Low Temperatures. Bailey. 
(Nov. 1935, p. 1210-12) 
DISC MM a slice ocahisl bo as lene ofolelisne tak 415 
(Electrometallurgy) Photoelectric 
Control of Resistance Type Metal 
Heaters. Vedder, Evans. (June 
1935, p. 645-50) 
Discmandsclosures. 1 ssa) ese 189 
(Electrometallurgy) Power Company 
Service to Arc Furnaces. Clark. 
(Nov. 1935, p. 1173-8) 
JOON Syicec tng Some Cea RCE eRe 412 
(Electrometallurgy) Storage Battery 
Charging. Woodbridge. (May 
1935, p. 516-25) 
Disc wanduclOsurencdastseiieecuiee ia: 190 
Electrometallurgy, The Engineering 
Development of Plectrochemistry 
and. Bunet. (Dec. 1935, p. 
1320-31) 
DISC ee eet er Shetek Snel adhe 409 
Electronic Reeniator for D-C Gener- 
ators, An. Gulliksen........... 873-5 
Electronic Transient Visualizers. 
IEVELC terete recat chars euncee tients she lasers 1314-18 
(Electronics) A Cold-Cathode Arc- 
Discharge Tube. Germeshausen, 
IBY Keer ortl,) Oren CORO TAREE RCP REOITe 790-4 
(Electronics) A New Telephotograph 
Systeme heynolds.nn.c.. .0ce5 996-1007 
(Electronics) A Static Thermionic 
Tube Frequency Changer. 
Schmidt, Griffith. (Dec. 1935, p. 
1063-7) 
Disc rANGeclosuremeieen os cee Gee ANT 


(Electronics) Amplification Loci of 
Resistance-Capacitance Coupled 
Amplifiers. Seletzky........... 1364-71 

(Electronics) Firing Time of an Igniter 
Type of Tube. Dow, Powers. 

(Sept. 1935, p. 942-9) 


Discrands ClOSUTOsa eee ee 279 
(Electronics) Heater-Cathode Insula- 
tion Performance. Klemperer... 981-5 


(Electronics) New Developments in Ig- 
nitron Welding Control. Dawson 1371-8 
(Electronics) Parallel Inverter With 
Inductive Load. Wagner....... 
(Electronics) Photoelectric Control of 
Resistance Type Metal Heaters. 
Vedder, Evans. (June 1935, p. 


970-80 


645-50) 
DiscwanaGrclosuren. jase vances ee 189 
(Electronics) Tensor Analysis. of 
Multielectrode-Tube Circuits. 
[kin 3 ecerabeach ataree bites eeer ie ee eer 1220-42 


(Electrophysics) A Generalized Infinite 
Integral Theorem. Malti. (Nov. 
1935, p. 1222-7) 


PEC ANGIGlOSUTO Ns ancien came 826 
(Electrophysics) A-C Characteristics 
of Dielectrics—II. Banos....... 1329-37 
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(Electrophysics) Analysis of Rectifier 
Filter Circuits. Stout. (Sept. 
1935, p. 977-84) 

Dise: andiielosutre t-te; oes eee 

(Electrophysies) Complex Vectors in 3- 
Phase Circuits), Sah.......semer 

(Electrophysics) Current and Voltage 
Loci in 3-Phase Delta-Delta Cir- 
cuits. Seletzky, Sibila.......... 

(Electrophysics) Current Harmonics 
in Nonlinear Resistance Circuits. 
Owens. (Oct. 1935, p. 1055-7) 

IDisc;,and tclosuressmeerre a acc 

(Electrophysics) Currents and Poten- 
tials Along Leaky Ground-Return 
Conductorsias Sunderman... oe 

(Electrophysics) Dyadic Algebra Ap- 
plied to 3-Phase Circuits. Sah... 

(Electrophysics Earth Resistivity and 
Geological Structure. Card. (Nov. 
1935, p. 1153-61) 

DISC ie cinin od. co EM nee 

(Electrophysics) Effect of Total Volt- 
age on Breakdown in Vacuum. 
Anderson. (Dec. 1935, p. 1315-20) 

‘Disexand closures] ea 

(Electrophysics) Fields and Charges 

About a Conductor. Hoover.... 
Dise-and: closureqseeere eee a) 

(Electrophysics) Fields Caused by Re- 

mote Thunderstorms. Gould.... 
Disc: andiclosure eee eee 6 
(Electrophysics) I.E.C. Adopts MKS 


System of Units. Kennelly. 
(Dec. 1935, p. 1373-84) 
Discs andiclosure. =e eee 
(Electrophysics) Parallel Inverter 
With Inductive Load. Wagner. . 
(Electrophysics Parallel Inverter 


With Resistance Load. Wagner. 
(Noy. 1935, p. 1127-35) 
IDises andiclosure saa eee 
(Electrophysics) Resolution of Surges 
Into Multivelocity Components. 
Bewley. (Nov. 1935, p. 1199- 
1203) 
Dise. and. closure: .:. i.e 
(Electrophysics) Tensor Algebra’ in 
Transformer Circuits. Bewley.. 
(Electrophysics) Tensor Analysis of 
Multielectrode Tube Circuits. 


(Electrophysics) The Magnetic Vector 
Potentially MeRacken eee 
Discand  closures4. oe) ) eee 
(Electrophysics) The Tensor—A New 
Engineering Tool. Boyajian..... 
(Electrophysics) Transformer Circuit 


Impedance Calculations. Garin, 
Paley 3s ott: con Gee ee 
Disc: and closures... eee 
(Electrophysics) Two Methods of 


Mapping Flux Lines. Godsey. 
(Oct. 1935, p. 1032-6) 
Dise‘and closure. ,.).... eee 


Energy, Positive and Negative, Power 


and. Doggett, Tarpley. (Nov. 
1935, p. 1204-9) 

Disevand closure... -1..,..0seee 

Engineer, The Measure of an. Bush 


Engineer Under Changing Conditions, 
The Young. Hellmund......... 
Discand closures; 2-7 ee eee 
Engineer, Why the? Durand........ 
Engineering, An Advanced Course in. 
Stevenson, Howard. (March 
1935, p. 265-8) 
Disevand closure... 2.2.40 
Engineering Development of Electro- 
chemistry and Electrometallurgy. 
Bunet. (Dee. 1935, p. 1320-31) 


Engineering Education—Opinions and 
Influencing Factors. King, Esh- 
bachi/544 Saco) eee 


Engineering Education, Professional 
Aspects ofit..\ak. . eee eee 
Engineering Education, 
Epoch in. Williams............ 
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1356-64 


476-9 


876-82 


836 


830 


448-54 
1269 


575-82 
1271 


831 


970-80 


837 


903 


- 1214-19 


826 


1151 


1301-03 


181 


Engineering Features of the Boulder 


Dam-Los Angeles Lines. Scatter- 
good. (May 1935, p. 494-512) 
Discs and closurepe. anes tees 200, 282 
Engineering Graduates, An Analysis of 
Blectricaliin.. : sere eee 'sensoesretaone 952-3 
Engineering Tool, the Tensor—A New. 
Boyajial: tence ore. renee 855-62 
Engineering View of and From Stein- 
MAVEN ISA) acocaeoacnaas 572-4 
Equipment for Oil Power Factor, Meas- 
uring: Berberichssemee nie 264-8 
Disc: and closures. cee se cee 1260 
Equipment for Waterworks Systems, 
Hlectrical;. Canariiss...-s. .. see 36-40 
Equivalent Circuits—2 Coupled Cir- 
cuits. Balsbaugh, Douglass, Gow, 
Leal. tyes Sire sehen ces Se ie 366-71 
Dis@ ven. Ask toon et eee SUE eee ee 1037 
Exact Formula for Transformer Regu- 
lation, Ans “Clemiesete cere 466-71 
Disc; andiclosures-crte ee eee 1274 
Experiences With a Modern Relay 
System-enGerelli@ny cnet ere 1130-6 
Exploring the Atomic Nucleus. 
Dushmanctn.scs doe oe ee eee 760-7 
Letters... Soak nest eager 1156 
Explosion-Proof Motors, Inspection 
and Tests of. Nuckolls......... 151-8 


Exposition, Electrical Features of the 
Texas Centennial Central. Fies.1060—74 
Exposition, Some Lighting Features at 
the'Great; Lakesi) 4. see eee 1304-05 


Faster Carrier Pilot Relay System, A. 
Traver, Banckersas. oe eee 


Fault and Out-of-Step Protection of 
Lines. Braley, Harvey. (Feb. 
1935, p. 189-200) 

Dise:-and (closuresey)see eee ee 

Ferromagnetic Theory, Present Status 
of. Bozorth. (Nov. 1935,  p. 
1251-61) 

Discandiclosureaeeestaee eee 

Fields and Charges About a Conduc- 

tor.) DHoovers...aeee eee 
Disc;-and (closures arene 

Fields Caused by Remote Thunder- 

storms. Gould... aie 
Disesand' closures... eee 

Filter Circuits, Analysis of Rectifier. 

Stout. (Sept. 1935, p. 977-84) 
Disc) andy closures aac ease 

Firing Time of an Igniter Type of 
Tube. Dow, Powers. (Sept. 
1935, p. 942-9) 

Distvand closureseee eerie eee 

Flashing of Railway Motors Caused by 
Brush Jumping. Hellmund.(Nov. 
1935, p. 1178-85) 

Discnandkclosureseeieine eee ee 

Flashovers on ‘Transmission Lines. 

Bewleycncners ore © sae Ate 
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Flux Lines, Two Methods of Mapping. 
Godsey. (Oct. 1935, p. 1032-6) 
Discvandiclosuresserni ae 
Formula for Transformer Regulation, 
Any Exact, Clemens. serene 
Disexandiiclosuresseneeee eee 
Frequency Converter, Self-Excitation 
of a. Hess. (Dec. 1935, p. 
1359-66) 
Dise¥andiclosure =. 
Frequency Tripling Transformers. 
Cantwell So) once + 1b ane At 


Furnaces, Calculations for Coreless In- 
duction. Dwight, Bagai. (March 
1935, p. 312-15) 

Disc. andiclosure.- nee 

Furnaces, Power Company Service to 
Are. Clarke (Nove 91935; p: 
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Fuse for Network Protectors, A New 
‘Ehermals | Nettleton cae 
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Gap for Lightning Protection, The 


Control. Higgins, Rorden....... 1029-34 
Gaseous-Conduction Lamps, High- 
Efficiency. Buttolph........... 1174-80 


Generalized Infinite Integral Theorem, 
A. Malti. (Nov. 1935, p. 1222-7) 


meeisc. and closure................. 826 
Generators, An Electronic Regulator 
for D-CerGulliksen. ae s,s es. 873-05 
Geological Structure, Earth Resistivity 
| and. Card. (Nov. 1935,  p. 
1153-61) 
WISC MMe ATR TAe sc Aone seals oe 836 
Great Lakes Exposition, Some Light- 
ing Features at the............. 1304-05 
Ground, Calculations of Resistances 
COME WAghtrn cee acle.: sateen cone 1319-28 
Ground-Return Conductors, Currents 
and Potentials Along Leaky. 
CkoNeVs os Scat oi, aa Rei eee 1338-46 


H 
Hawaiian MRadiotelephone System, 
The. Harrington, Hansell. (Aug. 
1935, p. 822-8) 
Wisc ANAeCLOSULCG <c). a4 cree os es 290 
Heart, Effect of Electric Shock on the. 
Ferris, King, Spence, Williams... .498—-515 


Em ISCANGICIOSUTC sc. 60 soe caste 6s 1263 
Heater-Cathode Insulation Perform- 
ance, -Klemperer.............. 981-5 
Heating at Low Temperatures, Induc- 
tion. Bailey. (Nov. 1935, p. 
1210-2) 
DISC mene een Sees ays eras 415 
(Heaviside‘'s Method) A Generalized 
Infinite Integral Theorem. Malti. 
(Nov. 1935, p. 1222-7) 
Wiseman closure! . mc. 0% «2.05.0 bene 826 
(Heaviside’s Method) Operational 
Solution of Electric Circuits. 
IBYEUDEVEN TB IS Aes 5-6) SO ORR RCO oxo, oc 158-64 
High-Efficiency Gaseous-Conduction 
Hampsaeputsolph”.. . 0 saa 1174-80 
High-Intensity Mercury-Arc Lamps. 
Marden, Meister, Beese......... 1186-90 
High Power Audio ‘Transformers. 
IRGtersaeer ie. Gos) 24a ee eee 34-6 
WISCMANCICLOSUECH=..< 555s >. eee 889 
Highway Lighting—Principles and 
Sources. Halvorson............ 735-46 
Highways at Night, Better Visibility 
INeededionw W00d......5 55 sean 614-88 
History of the A-C System in America, 
Early. Chesney, Scott.......... 228-35 
(Human Relations) Research and 
Social Progress. Kettering...... 324-8 
(Human Relations) The New Epoch in 
: Engineering Education. Wil- 
(NESCHE aia cooo's dco OTe ee 132-6 
(Human Relations) The Young Engi- 
neer Under Changing Conditions. 
Lalit boonihove ls oo hccitucrty aioe eect oan 329-34 
Disecandi ClOsUTeamenicts eee 1151 
Huntley Station No. 2, Design and 
Operation of. Cushing. (June 
1935, p. 632-45; disc. Sept. 1935, 
p. 996) 
Wisewancdeclosurescnas ss < odie aire 172 
Hydrogen Cooling of Rotating Ma- 
Oars, ILO os koa os boone 703-9 
SDR. LSS lo cee chen ae Re Eeieue coker 1243 
Hydrogen Cooling—With Near-Criti- 
cal Velocities. Penney.......... 530-4 
DISewANCICIOSUTC | 5 un scl e sian cl sree 1248 
I 
Igniter Type of Tube, Firing Time of 
an. Dow, Powers. (Sept. 1935, 
p. 942-9) 
Wiscwaudiclosures..ccen i «61+ 2 279 
Ignitron Welding Control, New 
Developmentsin. Dawson...... 1371-8 
(Illumination) Better Visibility 
Needed on Highways at Night. 
Wait os Suebon yo Rm boo 614-8 
(Illumination) Electrical Features of 
the Texas Centennial Central Ex- 
position. Fies............+++:. 1060-74 
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(Illumination) High-Efficiency Gase- 
ous-Conduction Lamps. But- 
COLD 1. cM eels ccs) oo. cco 

(Illumination) High-Intensity Mer- 
cury-Arc Lamps. Marden, Meis- 
Ler. CCSGHM RTs sre) sicis wera 

(Illumination) Highway Lighting— 


Principles and Sources. Halvor- 
(Illumination) Progress in the Produc- 
tion and Application of Light. 
(Gommreat. ee he, Sa etieted cbc back 
(Illumination) Some Lighting Features 
at the Great Lakes Exposition... . 
(Illumination) The Qualities of Incan- 


descent Lamps. Millar......... 
Disc: andaclosures, cesses; ..<deeee 
(Illumination) Today’s Trends in 
highumdee Powellleiees rae ace 


Impedance Calculations, Transformer 


Circuit.) Garin, Paluev. ........ 
DISGMaAndeClOSure ..) 4). ate sees 
Impedance Measurements on Under- 
ground Cables. Webb, Manz.... : 
DiscmaNGuclOSuUre .<1:7.3. «cc ere. 
Improvements in Communication 


1174-80 


1186-90 


1111-20 


1304-5 


1100-10 


Transformers. Ganz, Laird. (Dec. 


1935, p. 1367-73) 
Disemandaeclosure...<:4002 eet ne 
Impulse Circuit Breakers, Special 
Mestsions “Skeats. .... eae aa. o: 
DiscmandsClOsure.....:.. sce ew 
Impulse Test Voltages, The Produc- 
tion of. Sprague. (Oct. 1935, 
p. 1100-04) 
WisCRanadt closures ..,..aeeee et 3h 
Impulse Voltages Chopped on Front. 
IBeUaSebt 5../....0ce eee he 


WG ae ne sal a) Sie 


Induction Heating at Low Tempera- 


tures. Bailey. (Nov. 1935, p. 
1210-12) 
OVA) ee EBS hi dg ase ath erienotene 


Induction Machines, Stray Load Loss 
Testson. Morgan, Siegfried..... 
Discwand. closureweeme cm es eierte 


Induction Motor Resistance 
Width... “Lrickeyarequarnentcete ie 
Induction Motors, D-C Braking of. 
Harrel, Hough. (May 1935, p. 
488-93) 
isc.<and. Closure me ee. 
Induction Motors on Unbalanced Volt- 
ages. Reed, Koopman.......... 
Induction Motors, Segregation of 
Losses in Single Phase. Veinott. 
(Dee. 1935, p. 1302-6) 
Disc: and. closures eee ee ok. 
(Induction Motors) Split Phase Start- 
ing of 3-Phase Motors. Tracy, 
Wyss. (Oct. 1935, p. 1068-72) 
Disc. and closuresseeemener ie .. 
Induction Motors Under Unbalanced 
Conditions] Jaunnieee ae 
(Industrial) ‘‘Angle Switching”’ of Syn- 
chronous Motors. Shutt, Daw- 
son. (Nov. 1935, p. 1191-5) 
Disc.-and. clostlren. sane eee ae 
(Industrial) D-C Circuit Breakers for 


Steel Mill Service. Deans. 
(June 1935, p. 594-8) 
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(Industrial) Electric Power Equip- 
ment for Steel Plants. Wright. 
(May 1935, p. 481-5) 

Disc. and. closureseenate ie eres 

(Industrial) Induction Heating at Low 
Temperatures. Bailey. (Novy. 


(Industrial) Photoelectric Control of 
Resistance Type Metal Heaters. 
Vedder, Evans. (June 1935, p. 
645-50) 
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985-90 


516-23 
1144 


. 387-93 


895 


170 


170 


415 


189 


(Industrial) Speed Transients of D-C 
Rolling Mill Motors. Umansky, 


Linville. (Apr. 1935, p. 387-94) 
Drsc! closvirapee cise. Quay ees 1 WE 
Industry, Electrical Developments in 
the Steel Industry. Wright..... 1168-73 
Infinite Integral Theorem, A General- 
ized. Malti. (Nov. 1935,  p. 
1222-7) 
Dise:'and closurewreiin. os cst ee 826 
Influence of James Watt on the Cen- 
tral Station Industry, The. 
Orrok; eee Teter as. 358 
Inspection Tests of Explosion-Proof 
Motors.” Nuckollsieeeeeeen see 151-8 
Instrument Transformers, Some Ap- 
plications:of. Knoppie..s) sree 480-9 
Dise. and closure. scene eee ee 1257 
(Instruments) A Cathode Ray Oscillo- 
graph for Observing 2 Waves. 
George, Heim, Mayer, Roys. 
(Oct. 1935, p. 1095-1100) 
Disesandiclosuress.a) eee eee 270 
(Instruments) A New Watt-Hour 
Meter. Green. (Oct. 1935, p. 
1073-84) 
Discwandiclogure see. sen ee 289 
(Instruments) Breaker Performance 
Studied by Cathode Ray Oscillo- 
grams. Van Sickle. (Feb. 1935, 
p. 178-84) 
Disesand ‘closures sere mee ee 194 
(Instruments) Cold-Cathode Arc-Dis- 
charge Tube, A. Germeshausen, 
Hidgertonte.wcat ae on ee 790-4; 809 
(Instruments) Effect of Electric Shock 
on the Heart. Ferris, King, 
Spence, Williams=emiemeri ee 498-515 
Discs andl osuresee = see ee 1263 
(Instruments) Effect of Total Voltage 
on Breakdown in Vacuum. An- 
derson. (Dec. 1935, p. 1315-20) 
Discmandaclostire: ere eee ee 830 
(Instruments) Effect of Ultraviolet 
on Breakdown Voltage. Nord. 
(Sept. 1935, p. 955-8) 
Disesandiclosurens ae eee 272 
(Instruments) Electrical Measurement 
of Silk Thread Diameter. Shuck. 991-6 
(Instruments) Electrical Studies of 
Living Tissue. Conrad, Teare, 
Hageards.. oa tien eee 768-72 
(Instruments) Electronic Transient 
Wisualizers., “Reichs. eye 1314-18 
(Instruments) Impulse Voltages Chop- 
ped on Front. Bellaschi........ 985-90 
(Instruments) Measuring Equipment 
for Oil Power Factor. Berberich. 264-8 
Discyand "closures. seer ee 1260 
(Instruments) Remote Metering and 
Automatic Load Control. Logan. 40-7 
Discwanduclosure ere waar 891 
(Instruments) Revised Sphere-Gap 
Spark-Over Voltages. (Com. 
TOP Us) gee aw wiafp hehe see eee 783 
(Instruments) The Compensated Ther- 
mocouple Ammeter. Goodwin... 23-33 
Disesandyclosurewacens cir nneee 407 
(Instruments) The Production of Im- 
pulse Test Voltages. Sprague. 
(Oct. 1935, p. 1100-04) 
Disex and closuromann tee eae 274 
(Instruments) The Sparkless Sphere 
Gap Voltmeter. Sorensen, Hob- 
son,Ramo. (June 1935, p. 651-6; 
disc. Sept. 1935, 1002) 
Disesand closure. seee ae eee 293 
(Instruments) The Sparkless Sphere 
Gap Voltmeter—II. Sorensen, 
Rian Ofe-s.c 3 eisiets ees eee 444-7 
Discs-andsclosuress.00 sheen 1265 
(Instruments) Torque in a Bipolar In- 
duction Meter. Morton........ 354-8 
WDISC ek: ean chee eee 893 
Insulation, A Criterion of Quality of 
Cable. Wyatt, Spring. (Apr. 
1935, p. 411-21) 
Dise:and ‘closures. nts ee 204 
(Insulation) A-C Characteristics of 
Dielectrics—II. Banos......... 1329-37 
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Insulation, Breakdown Curve for 

Solid. Montsinger. (Dec. 1935, 

p. 1300-01) 

TDiRG, ANGuClOSULes ke cies es ees 399 
(Insulation) Calorimetric Measure- 

ment of Dielectric Loss. Race, 

Tea Tie shia. tesa ROR ORO SCHED: ck 1347-56 

Insulation for High Voltage Alter- 

nators. Laffoon, Calvert. (June 

1935, p. 624-31) 

MDISGHANCICLOSUTO..<. . seers oes warns 177 
(Insulation) Measuring Equipment for 

Oil Power Factor. Berberich.... 264-8 
isewand Closure... 0. ses coe as 1260 

(Insulation) Overrefined Oils in Power 

Transformers. Ford............ 371-5 

Insulation Performance, Heater- 
Cathode. Klemperer........... 981-5 
Insulation, Pyrochemical Behavior of 
Cellulose. Clark. (Oct. 1935, p. 
1088-94) 
1 DST hec coe aoe a Genito BS ee 901 
(Insulation) Recent Progress in Di- 
electric Research. Whitehead... 1180-5 
Insulation, Studies of Stability of 

Cable. Halperin, Betzer........ 1074-82 
(Insulation) Switching Surges in 

Rotating Machines. Calvert, 

CL ences ae Gye ae ters 376-84 
Insulators, Porcelain for High Voltage. 

EVOL reson nee aceeee vate reuel eve: ere iomose 618-26 
WisonandClOsure..« + sede cons ee 1142 

Integral Theorem, A Generalized In- 

finite. Malti. (Nov. 1935,  p. 

1222-7) 

WiseMANGCLOBUTO aan iets sroistew a iere ess 826 
Interest and Appreciation. Meyer... 759 
1.E.C. Adopts MKS System of Units. 

Kennelly. (Dec. 1935, p. 1373- 

84) 

IDISCMATIGLCLOSUTOMe cr adeiversirarsicis sees 831 
Inverter—II, Synchronous Mechanical 

Rectifier. Seyfert, Hibshman, 

IBOmbergeratesnts | eee to salens ys 548-53 
DIsGmaAnG tClLOSUTCG a aeigh cee acco e eee 1244 

Inverter With Inductive Load, Paral- 
NODAME OTION SS frees eee ks ccs td ye 970-80 
Inverter With Resistance Load, Paral- 

lel. Wagner. (Nov. 1935,  p. 

1127-35) 

DISCMANORCLOSUTO™ seispesc siete este ei ise 837 
Iron, Nickel, and Cobalt, Magnetic 

Alloys of. Elmen. (Dec. 1935, 

p. 1292-98) 

DISCMANGUCLOSUTO ts. ecianteies pete ccs 887 
J 
Japan, The Electrochemical Industry 

TON) Wd UBEY CS 1 A a 252-4 

L 
Laboratory Studies of Conductor Vi- 

DLATION ME CALTOL Sarasa sete cele 543-7 

TDISCANGECIOSUTO eine false a coetee ss 1148 
Lamps, High-Efficiency Gaseous-Con- 

auction buctolpne msec sneer 1174-80 
Lamps, High-Intensity Mercury-Arc. 

Marden, Beese, Meister......... 1186-90 
Lamps, The Qualities of Incandescent. 

MINTY Be ae Me eee Sea 516-23 
IDrseMaAN Gd ClOSUTOS sic cee eee oe 1144 

Letters to the Editor 

Calculating Power Factor in a 3- 

Phase Circuit. 

IB AlOMmDIn tase eee kee bo ee he PAM 
Veoves ID EMCR AVES oY ene sole Moin k ake 845 

Capacitor Motor With Double Cage 

Rotor. 

Puchsteinee cach sc ciate. avers 121 
HSTOUCH a eens (228 ete ne a oes 310 

Crossing the St. Lawrence With Un- 

stressed Cable Lengths. von 

ID Eeyavaveyell ofS) fede ee eee Ao er 939 
Definition of Coercive Force. Hart- 

CRAVE Ute AG Hic a Seer BRIN ames 939 
Definition of ‘‘Inventing.’’ Walther 1155 
Dissociationin Arc Welding. Suits. 561 
Dyadic Algebra Applied to 3-Phase 

SNTCilitas MiLAN eke cee 1287 
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Equivalent Circuit of a Self-Excited 


Capacitor Generator. Ball...... 425 
Exploring the Atomic Nucleus. 
Dushmiantemes corgi a bo a seas 1156 
Installations of Hochstadter Pres- 
sure Cable. Del Mar........... 218 
Mechanical Development of Trans- 
former by Westinghouse. Scott.. 1403 
Modern Machines in Verse. Ketch- 
FT 0 RR 1 4 ERR ie RM 1287 
Mr. Canby’s ‘‘Alma Mater.” 
Douglass.) eee eee 425 
Neutralizing Transformers for Pilot 
Wire Protection. 
Osbornewenys 4 cae oe eae 121 
GeOTze Jia tie ee 121 
Honamation: sonar os toe 561 
Professional Aspects of Engineering 
Education. Hammond......... 1045 
Registration of Engineers. 
HAUS ie outatesss eee lace ee PETG i al aoe 217 
Steinman <:.., satay ee eee aS 844 
Revised Sphere-Gap Spark-Over 
Voltagesae Wellerssneniien cis os: 1046 
Self-Excitation of a Frequency Con- 
verter. 
Hleischmann nee eee eee. 940 
CSS... day eR er cares © 940 
Similarity Relations in Electrical 
Engineering. Brainerd, Neufeld. 310 
Solving for Components of Complex 
Propagation Constant. Jaffe.... 1287 
Two Methods of Mapping Flux 
Lines. Roth, Bethenod......... 1287 
Voltage Regulation Diagram for 
Constant Sending Voltage, A. 
Cissnat iach ts iahee eee oy « 562 
Voltage Regulation of Alternators. 
Warners i.e ert medrese 1046 
Zigzag Leakage. Puchstein, Lloyd. 1155 
Light (See Illumination) 
Lightning Arrester Economics. 
Sporn; ‘Gross: :..08 «mcm 84-93 
Disc! and closure... eae 815 
Lightning Currents in Field and Labo- 
ratory. Bellaschi. (Aug. 1935, 
p. 837-43) 
Dise. and closures... 2 aie 393 
Lightning Investigation on a 220-Kv 
System. (Belly s eee 1306-13 
Lightning Investigations on a Distribu- 
tion System. Halperin, Grosser.. 63-70 
Disc, and: closure. oer 903 
(Lightning Protection) Flashovers on 
Transmission Lines. Bewley.... 342-54 
Dise.and- closure... .).ita- eerie 1136 
Lightning Protection for A-C Rotating 
Machines, Tests on. Hunter.... 137-44 
Disc,and’ closure..s.sieacie ree 1035 
Lightning Protection for Transformers. 
(Comsirept.) vos tee one Seen eee 53-6 
D ise ede o Ne so bok er ee 918 
(Lightning Protection) Modernization 
of Transmission Lines. (Com. 
TODU. diac. seks ee Ae 14-18 
DDISG. Nae Gisss.s Bate 4 oie ee ee 919 
Lightning Protection of Distribution 
Transformers. Flanigen. (Dec. 
1935, p. 1400-05) 
Disc and closure. 34. 909 
Lightning Protection Practices, Dis- 
tribution Transformer. Smith... 47-53 
Disc;-and closure. «1.4 sae 911 
(Lightning Protection) Surge Currents 
in Protective Devices. Opsahl. 
(Feb. 1935, p. 200-04) 
Disc. Feast. eee 199 
Lightning Protection, The Control 
Gap for. Higgins, Rorden....... 1029-34 
Load Loss Tests on Induction Ma- 
chines—II, Stray. Morgan, 
Siegfried’, 214.5.0../.o%. eee ee 493-7 
Disc:"and'closure---. eee ee 1246 
Load Losses in Salient Pole Synchro- 
nous Machines. Pollard. (Dec. 
1935, p. 1332-40) 
Dise.. (ago.nes sae pee 809 
Loci in 3-Phase Delta-Delta Circuits, 
Current and Voltage. Seletzky, 
Sibild.<-c. ccc). . Se 476-9 
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Amplifiers, Amplification. Se- 
TStZKY S203 Se eee he 1364-71 
Locomotive to Caboose Radio Com- 
Inunications: Ist ejeta. «clase ee 109-13 
Discyand closureveraaiere «sien aes 825 
Locomotives, Electrical Apparatus for 
Diesel Cars and. Smith......... 335-41 
Disc. fic eees. een oer obs 1385 
Looking Forward. Meyer........... 3 
Lightning Investigation on Transmis- ; 
sion Lines—V. Lewis, Foust. 
(Sept. 1935, p. 934-42) 
Discs and (closures. recta trier 274 
(Lightning) The Production of Impulse 
Test Voltages. Sprague. (Oct. 
1935, p. 1100-04) 
Disesand closures... acuta 271 
Los Angeles Lines, Engineering Fea- 
tures of the Boulder Dam. Scatter- 
good. (May 1935, p. 494-512) 
Dise:tand) closures. setae eee 200, 282 
Loss, Calorimetric Measurement of 
Dielectric. Race, Leonard....... 1347-56 
Losses, Time-Temperature Tests to 
Determine Machine. Ross. 
(May 1935, p. 512-15; dise. Oct. 
1935, p. 1107) 
Disesand closure>.cees ae eee 285 
M 
Machinery (See Electrical Machin- 
ery) 
Machines, Load Losses in Salient Pole 
Synchronous Machines. Pollard. 
(Dee. 1935, p. 1832-40) 
Dises s2aiconoe nee Ce eee 809 
Machines, Operational Solution of 


As@e Millers eWeilsniaseneeeas 1191-1200 
Machines, Stray Load Loss Tests on 


Induction. Morgan, Siegfried... 493-7 

Dise. andclosuren. scene cee 1246 
Machines, Transient Voltages in Ro- 

tating. Hunter. (June 1935, p. 
599-603) 

Dise; andclosuresseq ances ste oars 174 
Magnet Materials, Permanent. Wil- 

Lig Sih, Sahoiet aera = 2) eee 19-23 

Disc. ici iia ae sea eee 885 
Magnetic Alloys of Iron, Nickel, and 

Cobalt. Elmen. (Dec. 1935, p. 
1292-9) 

Dise.sand closure sae. see 887 

Magnetic Fields in Machinery Wind- 
ings. Douglas. (Sept. 1935, p. 
959-66) 

Dise; and closuressst.- |... carer 287 

(Magnetic) Present Status of 
Ferro-magnetic Theory. Bozorth. 
(Nov. 1935, p. 1251-61) 

Discmandiclosureya-i.alh nee 884 
(Magnetic) Two Methods of Mapping 

Flux Lines. Godsey. (Oct. 1935, 
p- 1032-6) 

Discyand closure: sen nla eee 826 
Magnetic Vector Potential, The. Mc- 

Raeh. A a ae ee 534-42 

Dise. andiclosuressc eee 1270 
Mapping Flux Lines, Two Methods of. 

Godsey. (Oct. 1935, p. 1032-6) 

Discvand (clostines s.r ee 826 
Measure of an Engineer, The. Bush. . 854 
Measurement, Cable Vibration—Meth- 

ods of. Carroll, Koontz......... 490-7 

Disesandclostiren. +e eee 1147 


Measurement of Dielectric Loss, 
Calorimetric. Race, Leonard... .1347-56 
Measurement of Silk Thread Diameter, 
Electricals Shuckareseenee eens 
Measurement of Telephone Noise and 
Power Wave Shape. Barstow, 
re Kent. (Dec. 1935, p. 13807— 
14 
Dise: andi closures... eee eee 
(Measurements) A Cathode Ray Os- 
cillograph for Observing 2 Waves. 
George, Heim, Mayer, Roys. 
(Oct. 1935, p. 1095-1100) 
Disc. and closure 
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Measurements) A New Watt-Hour 
Meter. Green. (Oct. 1935, p. 
1073-84) 

BENOWCANLG CLOSUTO i ties sul 289 

Measurements) Breaker Performance 

Studied by Cathode Ray Oscillo- 
grams. Van Sickle. (Feb. 1935, 
p. 178-84) 

BEING CANGIGLOSUEOA wise rscbnete, és) eteos bos 194 

Measurements) Cold-Cathode Arc- 
Discharge Tube, A. Germes- 
hausen, Edgerton......,..... 790-4; 809 

Measurements) Definition of Power 
and Related Quantities. Curtis, 
Silsbee. (Apr. 1934, p. 394-404; 
disc. Oct. 1935, p. 1120) 

Mise-and ClOSUIE.. . 200s 6s Feces 182 

Measurements) Effect of Electric 
Shock on the Heart. Ferris, King, 
Spence,-Williams:; .....60%. «+e: 498-515 


DISC HANG CLOSUTC ccs 'e45 2-4 eless. ne ere oie 1263 
Measurements) Effect of Total Volt- 
age on Breakdown in Vacuum. 
_ Anderson. (Dec. 1935, p. 1315- 
20) 
BPIscs and ClOSUTE... ss.5.45 5. 60 cas 830 


(Measurements) Effect of Ultraviolet 
on Breakdown Voltage. Nord. 
(Sept. 1935, p. 955-8) 
BISC. ANG CIOSUTE... vi 6 ie ss ee sce 272 
(Measurements) Electrical Studies of 
Living Tissue. Conrad, Teare, 


VAG ATi ime: Ue std aoe 768-72 
(Measurements) Electronic Transient 
Visualizers. Reich............. 1314-18 


(Measurements) Fields Caused by Re- 
mote Tiaunderstorms. Gould... 575-82 


MPIscs and, ClOSUTC.-...< .c<s'0 eee cles 1271 
(Measurements) Hydrogen Cooling— 
With Near-Critical Velocities. 

SMM G Veretere Ie cans sins ore slow eee 530-4 

PISCE Ald CLOBUTC sick s.5..0 oe vse cle 1248 
(Measurements) Impulse Voltages 

Chopped on Front. Bellaschi.. 985-90 
(Measurements) Measuring Equip- 

ment for Oil Power Factor. Ber- 

ROCLIC Me see ep sc 0-0 oo so ceeeeee 264-8 
BMDISC ANG CLOSUTE? . .2...5.5 4.0 sa sue 1260 
Measurements on Underground 

Cables, Impedance. Webb, Manz.359-65 

MDISCs ANGICLOSUTO <i olers ie sls cus arenes 1138 


(Measurements) Power and Energy, 
Positive and Negative. Doggett, 
Tarpley. (Nov. 1935, p. 1204-9) 

Disc wan arelosuresc<c.. 2c. Joe ssc 410 

(Measurements) Remote Metering and 


Automatic Load Control. Logan. . 40-7 
WDISOTANCECIOSULC Hie 6 cas Sai OR erties 891 
(Measurements) Revised Sphere-Gap 
-  Spark-Over Voltages. (Com. 
TSO AGE Neuere Bee CU a Ee EN ee eS 783 
(Measurements) Some Applications of 
Instrument Transformers. Knopp 480-9 
Misevancduclosure: tack saiegerercce 3-4 1257 


(Measurements) Spark Lag of the 
Sphere Gap. Harrington, Hansell. 
. (Aug. 1935, p. 868-76) 
Wise wand: CLOSUTO foie vials s.6 see eed eee 290 
(Measurements) The Compensated 


Thermocouple Ammeter. Good- 
UA DUAR eel arc, ete eiislon(sisis here! ois Vel siece 1 23-33 
WPS MANY CIOSUTC!.<.e dre oasis see 407 


(Measurements) The Production of 
Impulse Test Voltages. Sprague. 
(Oct. 1935, p. 1100-04) 
MD SCHANG CLOBUTEC s)..5 s 0) < cle'sieleisieue ones 271 
(Measurements) The Sparkless Sphere 


Gap Voltmeter. Sorensen, Ramo 444-7 
ISG ANIC CLOSUTO san 6 5 seco 2 ees 2s 1265 
(Measurements) The Sparkless Sphere 
Gap Voltmeter. Sorensen, Hob- 
son, Ramo. (June 1935, p. 651-6; 
disc. Sept. 1935, 1002) 
iscsand: closures... o. cas os eee 293 
(Measurements) Torque in a Bipolar 
Induction Meter. Morton....... 354-8 
LODE ce tee 5 AO RO a oe eee 893 
Measuring Equipment for Oil Power 
actorem Derperiche.... 1.242 9+ 264-8 
ADIRO BANG! CLOSUTOsm erin «+s ea dele belle 1260 
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Mercury Arc Rectifiers, Automatic 
Control for. Bany, Reagan.... 100-09 
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Message From the President, A. 
MacCutcheon.951, 1059, 1167, 1299-1300 
Message From the President. Meyer. 
8, 131, 227, 323, 4385, 571, 759, 855-6 
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Discs and Closure:s..... cs.ee oes eal 831 
Meter, Torque in a Bipolar Induction. 
INEOTCOIMM Eee n tees os SR 354-8 
DISC: AMER = Acree ets. BB, 893 
Metering and Automatic Load Con- 
trolwkemotes. “Movants... aos 40-7 
Disc. and Closure : sx. Masato cei ee 891 
Metering, Supervisory Control and 
Remotommebuerss: ota... seen 70-5 
DISC, ePMOIS ooo Bee 8 aes. ele 890 
Meters, Tentative Standards for Sound 
evelausvicCurdy: sae. 0 eee eee 260-3 
Microphones, The Calibration of. 
(Commerept:) can. ocala leiecrsreie 241-5 
Modernization of Power Distribution 
Systomsaesoeelyo-. <1. eens > 75-84 
WIS FANGUCLOSULEN... 55 sce 's 914 
Modernization of Relay Systems. 
Mullerrand’ Turner: . 2a oes 56-62 
DISC Na eR Rea eeco oes d vos 8) esos 922 
Modernization of Transmission Lines. 
(@omearepts):./. 5.0%: eras 12-8 
Discretes.» Teta > SR ae 919 
Moffat Process for Producing Steel. 
Sutherland :s4 <3.) Spee elo aap Wee 
Motor, An Analysis of the Shaded 
Polemmecrickey..c; eee 1007-14 
Motor Resistance Ring Width, Induc- 
Ona LTick6yo.g keener eo 144-50 


Motors, ‘‘Angle Switching” of Syn- 
chronous. Shutt, Dawson. (Nov. 
1935, p. 1191-5) 
Mise, andcclosures eee eee 895 
Motors Caused by Brush Jumping, 
Flashing of Railway. Hellmund. 
(Nov. 1935, p. 1178-85) 
Disevand closureseeei saree 812 
Motors, D-C Braking of Induction. 
Harrell, Hough. (May 1935, p. 
488-93) 
Dises and: Closure Maserts ae eevete ns aieeees 167 
Motors, Inspection and Tests of Ex- 


plosion-Proof. Nuckolls........ 151-8 
Motors on Unblanced Voltages, Induc- 
tion. Koopman, Reed..........1206-13 
Motors Out of Synchronism, Salient 
Pole. Laudervs. 2.46.05 =... .6 6386—49 
Disc. and’ closurG ane eat sens 1247 
Motors, Pull-In Characteristics of 
Synchronous Motors.  Shoults, 
Crary, Lauder. (Dec. 1935, p. 
1385-95) 
Disc; and closurememerk seme a 896 
Motors, Segregation of Losses in 


Single Phase Induction. Veinott. 
(Dec. 1935, p. 1302-06) 
Disc, and:«closurey-seeee eee 810 
Motors, Speed Transients of D-C 
Rolling Mill Motors. Umansky, 


Linville. (Apr. 1935, p. 387-94) 
Wise-<closure.. 28a ole ee 172 
Motors, Split Phase Starting of 3- 
Phase. Tracy, Wyss. (Oct. 1935, 
1068-72) 
Wisc wand. ClOSUTC. 4. erie etn ee 285 
Motors Under Unbalanced Conditions, 
Anduction, | LUD eee 387-93 
Multielectrode-Tube ‘Circuits, Tensor 
Analysis Of.0 Krone ener as 1220-42 
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(National Research Council) Recent 
Progress in Dielectric Research. 
iWihitehead=...:..!.aceetmemerre ose e 1180-5 

Negative-Sequence Reactance of Syn- 
chronous Machines. Thomas... .1378-85 

Network Protectors, A New Thermal 
Fuse for. Nettleton............ 1096-9 
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Neutralizing Transformer to Protect 


Power Station Communication. 
George, Honaman, Lockrow, 
Schivartzaeemeeye ste s\ <-n'y avis ttle 524-9 
Neutralizing Transformers for Pilot 
Wire Protection. George, Brown- 
lee. (Nov. 1935, p. 1262-9) 
Metterstes. | Sar hes bois eter aol bes 121, 561 
New Carrier-Current Coupling Capaci- 
tor, A. Eby. (Aug. 1935, p. 
848-52) 
sDise: and. closurenaneetens ale « < 281 
New Distance Ground Relay, A. 
Goldsborough, Smith..........-- 697-703 
Dise. and closure...5 see eee 1255 
New Developments in Welding Con- 
trol... Dawson) «5; sees or eee 1371-8 
New Epoch in Engineering Education, 
The: Williams... 2.575 5eeeeees 132-6 
New Telephotograph System, A. 
IReyMOlAS scialetova cic oto evl erates 996-1007 
New Thermal Fuse for Network Pro- 
tectors; A. Nettleton... .emenine 1096-9 
New Watt-Hour Meter, A. Green. 
(Oct. 1935, p. 1073-84) 
Discandiclosurewwace «dan octets 289 
Nickel and Cobalt, Magnetic Alloys of 
Iron, Elmen. (Dec. 1935, p. 
1292-99) 
Discs and closure. sce eee. = see 87 
Noise and Power Wave Shape, Meas- 
urement of Telephone. Barstow, 
Blye, Kent. (Dec. 1935, p. 1307— 
14) 
Discsanduclosuremacierieer te 818 
(Noise Measurements) Tentative 
Standards for Sound Level Meters. 
MeCurdyiaci. Rental ee 260-3 


Oil Circuit Breaker and Voltage Re- 
covery Tests. Poitras, Kuehni, 
Skeats. (Feb. 1935, p. 170-8) 
ise; andiclosurecamy ere ener 193, 269 
Oils in Power Transformers, Overre- 


fined: x Hordigjencsmteinn oe eee 371-5 
Operation of Huntley Station No. 2, 
Design and. Cushing. (June 
1935, p. 632-45; disc. Sept. 1935, 
p. 996) 
Dise; clostiretietiacce ee areas 172 
(Operational Calculus) A Generalized 
Infinite Integral Theorem. Malti. 
(Nov. 1935, p. 1222-7) 
Disesand ‘closurekaeran. cee 826 
Operational Solution of A-C Machines. 
Miller siWeil.sccceattaueiaecaegaen 1191-1200 
Operational Solution of Electric Cir- 
Cbtanch AB GubACHN Wema gone coda 6d: 158-64 
Oscillograph for Observing 2 Waves, A 
Cathode Ray. George, Heim, 
Mayer, Roys. (Oct. 1935, p. 
1095-1100) 
Disewandsclosure je aeaks eee 270 
Overrefined Oils in Power Trans- 
F OTINOLS fae LLOLU ae cieretete tena tneraetee oe 371-5 
P 
Paper, Tests on Oil Impregnated. 
Raee as nse Saree te ete ee ae 590-9 
Diseand closures nwestekerstet toate 1140 
Parallel Inverter With Inductive Load. 
Wagers atefedetal cuts § btaayersiater tke meee 970-80 
Parallel Inverter With Resistance 
Load. Wagner. (Nov. 1935, p. 
1127-35) 
IDIscs an@ClOsUTO ts acre. eeeteteee 837 
Performance of Distance Relays. 
Calabrese’ 2.1; si amtaend nee 660-72 
Mise; andi closures sce ere 1254 
Permanent Magnet Materials. Wil- 
Liatis ces aise sleet e! clement ouetere amen 19-23 
IDI pats or I Oe A AO BS oe 885 
Pilot Wire Relay Protection. George, 
Brownlee. (Nov. 1935, p. 1262-9) 
Discandiclosure. . soos. te ee 907 
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Photoelectric Control of Resistance 


Type Metal Heaters. Vedder, 
Evans. (June 1935, p. 645-50) 
Disc. and closure.........+---+++++ 189 
Porcelain for High Voltage Insulators. 
Row) an Geeta avsic eters eiinestar 618-26 


Disc. and closure........-+-+++::: 
Potential, The Magnetic Vector. Mc- 


Disc. and closure.......--+--++++> 
Potentials Along Leaky Ground-Return 
Conductors, Currents and. Sunde. 1333-46 
Power and Energy, Positive and Nega- 
tive. Doggett, Tarpley. (Noy. 
1935, p. 1204-09) 
Misch andclosure.-.92 sso ee 410 
Power Company Service to Are Fur- 
naces. Clark. (Nov. 1935, p. 1173-8) 


1B ETS ae eR Oe TER 7, SOc 412 
Power Factor, Measuring Equipment 
forlOllweeberbericheeree ce a 264-8 
WDIscwanaeclosurezer tr imcesaecesche cysts re 1260 
(Power Generation) Design and Opera- 
tion of Huntley Station No. 2. 
Cushing. (June 1935, p. 632-45; 
disc. Sept. 1935, p. 996) 
DISCMCLOSULCRRnt eee na dae tcrer NP? 
Power Transformers for 287.5-Kv Sery- 
ACCME ANCA EV. OGCle usu arate iret 438-44 
DISC EMR eae er ea aack oe Gee tine mabe 1274 
Power Transformers With Concentric 
Windings: Paluéy..en gates. a. 649-59 
Disemanadrclosuresen eel wakete = 1272 
Present Status of Ferromagnetic 
Theory. Bozorth. (Nov. 1935, 
p. 1251-61) 
Disewanagrclosure se niet eee 884 
Privileges and Emoluments of a Presi- 
dent, The. MacCutcheon....... 1167 
Production of Impulse Test Voltages, 
The. Sprague. (Oct. 1935, p. 
1100-04) 
DisemaANGuClOSUrers «oars aes = sos 271 
Professional Aspects of Engineering 
IDAUCATION Rimi victaetere nee wre ee 863-7 
EOU CGI eee e eer Raposo ata a we aid 1045 
Professional Recognition. Meyer.... 323 


Progress in the Production and Appli- 

cation of Light. (Com. rept.)..1111—20 
(Protection) Carrier Relaying and 

Rapid Reclosing at 110 Ky. 

Pierce, Powers, Stewart, Heberlein 1120-9 
Protection for A-C Rotating Machines, 


MMeStEMOD Au ELUN GOD) oie. « eheic 6 137-44 
Disesandiuclosuren dia asec oe 1035 
(Protective Devices) A Disturbance 
Duration Recorder. Frier....... 1025-8 
(Protective Devices) A Faster Carrier 
Pilot Relay System. Traver, 
IBEW seein Re cone Ee ae 688-96 
DIS CHE ES ar oho ot ane nae 1252 


(Protective Devices) A New Distance 
Ground Relay. Goldsborough, 
SMICDEMEP Ore eG cs Maalc Leis f 697-703 


(Protective Devices) A New Thermal 
Fuse for Network Protectors. 
INettletore eric eee ores 1096-9 
(Protective Devices) Breaker Per- 
formance Studied by Cathode Ray 
Oscillograms. Van Sickle. (Feb. 
1935, p. 178-84) 
Discmand closuresssmee ss etc Le eel 194 
(Protective Devices) Circuit Breakers 
for Boulder Dam Line. Prince. 
(Apr. 1935, p. 366-72) 
Discwandtclosure:sence. oe oon 196, 269 
(Protective Devices) Circuit Breakers 
for Boulder Dam Line. Wilcox, 
MECCCS ere ee Pc i foes ssa oe 626-35 


DISC HANG ClOSUTE Haan eee ae ee 1250 
(Protective Devices) Discharge Cur- 
rents in Distribution Arresters. 
McEachron, McMorris. (Dec. 
1935, p. 1395-9) 
DisewaNnd ClOSUne 4 4. Aaasee ose iees 814 
(Protective Devices) Distribution 
Transformer Lightning Protection 
Practices LSmitheccs sacs ete ne 47-53 
PPI PAN CG ClOBULOs cc 5.44 fone hase 911 
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(Protective Devices) Fault and Out- 
of-Step Protection of Lines. Bra- 
ley, Harvey. (Feb. 1935, p. 189- 
200) 
Disc: andiclosure sree et eee 197 
(Protective Devices) Lightning Ar- 
rester Economics. Sporn, Gross. 
Disc! andiclosuresseewersae. keer: 815 
(Protective Devices) Lightning In- 
vestigations on a Distribution 
System. Halperin, Grosser...... 
Discandiclosure.. see sins kee 903 
(Protective Devices) Lightning Protec- 
tion of Distribution Transformers. 
Flanigen. (Dec. 1935, p. 1400-05) 
Disc:and closures seaeeeene eee 909 
(Protective Devices) Lightning Pro- 


tection for Transformers. (Com. 
TEP ts )ise acc Meeks Glee I @ cle ca 53-6 
Dis@ie Sale «cette MRE eek, Bee 918 
(Protective Devices) Modernization 
of Relay Systems. Muller, Tur- 
TOPS Seeds ss eae ce Mee on coe 56-62 
Dis@eiek. 2 see ete 922 
(Protective Devices) Neutralizing 
Transformer to Protect Power 
Station Communication. George, 
Honaman, Lockrow, Schwartz.... 524-9 


(Protective Devices) Oil Circuit 
Breaker and Voltage Recovery 
Tests. Poitras, Kuehni, Skeats. 
(Feb. 1935, p. 170-8) 
Disesandiclosures eee eer. oa. 193, 269 
(Protective Devices) Performance of 
Distance Relays. Calabrese.... 660—72 


Disc -andiclosure see 1254 
(Protective Devices) Pilot Wire Relay 
Protection. George, Brownlee. 
(Nov. 1935, p. 1262-9) 
Discuandyclosurey soe 907 


(Protective Devices) Special Tests on 
Impulse Circuit Breakers. Skeats. 710-17 
Disc. and’ closure>. + ..2: seeemerne 
Protective Devices, Surge Currents in. 


(Protective Devices) Surge Protectors 
for Current Transformers. Ca- 
milli; Bewley. «<....\te ae es 254-60 
(Protective Devices) The Control Gap 
for Lightning Protection. Hig- 
gins, Rorden? >. ../5..5 eee 1029-34 
(Protective Devices) The Determina- 
tion of Circuit Recovery Rates. 
Boehne. (May 1935, p. 530-9) 
Disc: and closure:2).2.. eee 191, 269 
(Protective Devices) 287-Kv Boulder 
Dam _ Disconnecting Switches. 


Bowie, Garman....0. seer 582-9 
Protectors for Current Transformers, 
Surge. Camilli, Bewley......... 254-60 
Pull-In Characteristics of Synchronou 
Motors. Shoults, Crary, Lauder. 
(Dec. 1935, p. 1385-95) 
Disc; and‘elosure:. eee 896 
Pyrochemical Behavior of Cellulose 
Insulation. Clark. (Oct. 1935, 
p. 1088-94) 
Dist id. otk Sa ee 901 


Millar iin. ts .s0.0c0 cece eters 516-23 
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Radio Communication, Locomotive to 
Caboose.” Pllis:..... Saar noe 109-13 
Disc? and closure...) eee ee 825 
Radiotelephone System, The Hawai- 
ian. Harrington, Hansell. (Aug. 
1935, p. 822-8) 
Disc, and closure: .... see 290 
Railroads, Diesel Electric Motive 
Power for. Candee. (Aug. 1935, 
p. 863-8) 
Dise: and ¢logure.... seers ; 294 
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Reactance of Synchronous Machines, 
Negative-Sequence. Thomas... 1378-8: 
Reactance, Test Values of Armature 


Leakage. Rogers. (July 1935, 
p. 700—05) 
DiISGy 250) eins Ena afew een 28¢ 
Recent Progress in Dielectric Research. 
Wihitehead!s: .ctecmeenien:c\cteiaaeenees 1180-: 
Recorder, A Disturbance Duration. 
Frier? (22006: Ss a eee 1025-$ 
Recovery Rates, The Determination 
of Circuit. Boehne. (May 1935, 
p. 530-9) 
Disc) and. closure. ace eee 191, 26! 


Rectifier Filter Circuits, Analysis of. 
Stout. (Sept. 1935, p. 977-84) 
Diseand closures... cee eee 286 
(Rectifier) Firing Time of an Igniter 


Type of Tube. Dow, Powers. 
(Sept. 1935, p. 942-9) 
Dise; and closures seer eee 276 
Rectifier-Inverter—II, | Synchronous 
Mechanical. Seyfert, Hibshman, 
Bomberger.o.)onse 4. or ee ee 548-6: 
Discs andiclosure se eee 124: 
Rectifiers, Automatic Control for Mer- 
cury Arc. Bany, Reagan........ 100-05 
Dish... seguaeers eee eee 89: 
Rectifiers, Self-Regulated Com- 
pounded. Goodhue, Power...... 1200-0: 
Registration of Engineers. Steinman. 
(Aug. 1935, p. 876-81) 
Letters). 5... docvde Accent eee 217, 84: 
Regulator, A D-C Controlled Voltage. 
Odessey.nc cops Eee 956-6( 
Regulator for D-C Generators, An 
Electronic. Gulliksen........... 873-! 
Relay, A New Distance Ground. 
Goldsborough, Smith............ 697-705 
Diseandiclosuré..c ee aes 125. 
Relay Protection, Pilot Wire. George, 
Brownlee. (Nov. 1935, p. 1262-9) 
Disevand closure =a eens 90' 
Relay System, A Faster Carrier Pilot. 
raver, Banckeraasen. eens 688-91 
Dise-andiclosures.eeee ae see 125: 
Relay System, Experiences With a 
Modern. - Gerelli®.. ) eee 1130- 
Relay Systems, Modernization of. 
Miuller,“Turnerseereen eee 56-6: 
Di86oepecvelsartiec-2 RE oe 92: 


(Relaying) A New Carrier-Current 
Coupling Capacitor. Eby. (Aug. 
1935, p. 484-52) : 

Dise: ‘and ‘closures. 428 eee 28 

Relaying and Rapid Reclosing at 110 , 


Kv, Carrier. Pierce, Powers, 
Stewart, Heberlein...\.....ss08 1120-4 
Relays, Performance of Distance. 
Calabrese yeaia5a ante 660-7. 
Disc. and) closures: . cet eee 125 
Remote Metering and Automatic Load 
Controls Logan... eee 40- 
Discwand closures... cee ee 89 
Remote Metering, Supervisory Con- 
troliandS = Duer>.> eee 70— 
DISC Se gee tata ol es rook I 89 


Report of the Board of Directors. .. .795—-80 
(Research) A-C Characteristics of Di- 


electrics—II. Banos............ 1329-3 
Research and Social Progress. Ketter- 
bil eA SOMES ooh odo Acc 324- 


(Research) Calorimetric Measurement 
of Dielectric Loss. Race, Leon- 


(Research) Effect of Electric Shock on 


the Heart. Ferris, King, Spence, 
‘Willismsiis 2.7 nproe eee rere 498-51 
Disc. andiclosure:4-- eee 126 

(Research) Electric Shock Effects of 

Frequency. Kouwenhoven, 
Hooker} dhotz).7.cc. soe 384- 


(Research) Electrical Studies of Living 
Tissue. Conrad, Teare, Haggard. 768-7 
(Research) Firing Time of an Igniter 
Type of Tube. Dow, Powers. 
(Sept. 1935, p. 942-9) 
Disc. .andclosurén.-- cinerea 27 


ELECTRICAL ENGINEERIN 


2 


Research) Pyrochemical Behavior of 


Cellulose Insulation. Clark. 
(Oct. 1935, p. 1088-94) 
EOS GE ico och eeieas Came ue, 5 ea 901 
Research, Recent Progress in Dielec- 
firiO.. » WiRIECNCAG isc. «ciate oes. 1180-5 
(Research) Tests on Oil Impregnated 
PO DOL mC ACO is zisieia, ete. cae toi 590-9 
@ebisc. and closure.........+....+5: 1140 


Resistance-Capacitance Coupled Am- 
plifiers, Amplification Loci of. 
SHG es 22 ears CRS Ree 1364-71 

Resistance of Synchronous Machines, 
Tests on Armature. Robertson. 
(July 1935, p. 705-09) 

DRG aAN Cu CLOSUNE HE otitey sie oiies fechas 

Resistance Type Metal Heaters, 
Photoelectric Control of. Vedder, 
Evans. (June 1935, p. 645-50) 

Disc. and closure 

Resistance 


Resistances to Ground, Calculations 
OT WIL DG 2h oak ects esslepencbeiees aleas 1319-28 
Resistivity and Geological Structure, 
Earth. Card. (Nov. 1935, p. 
1153- —61) 
836 
Resolution of Surges Into Multi- 
velocity Components. Bewley. 
(Nov. 1935, p. 1199-1203) 
PDiscwandsclosure. sashes. \eeuteer 
Revised Sphere-Gap Spark-Over Volt- 
peosmen(@om-. TEpt:) an «aaa ecn es ae 
LOWIOE. 5 ogee ee 
Rotating Machines, Hydrogen Cooling 
of. ATaT OOM greet mae cc, ene 


903 


783 
1046 


703-9 
1243 
Rotating Machines, Switching Surges 
aneeeCalvert, Hielder,..<... <-> a-- 
Salient Pole Motors Out of Eypelnes 
MVISIN peer AUGER spares dees lore’ ovevtie. ate 
ASO MAN LCLOSUTC he ./ecrene +. «cies ore 


S 


St. Lawrence With Unstressed Cable 
Lengths, Crossing the. Mace, 
HDI CK@Marar tees. 5. cs ».s.-2 ues 
Science, What’s Next in. Compton. . 
Segregation of Losses in Single Phase 
Induction Motors. Veinott 
(Dec. 1935, p. 1302-06) 
Wise. angiclosure® «sau: So ees 
Self-Excitation of a Frequency Con- 
verter. Hess. (Dec. 1935, p. 
1359-66) 
Mise and closures ..o%. es wee bie a ve 
LOCO daly s dn ole cs 6 SO eRe 
Self-Regulated Compounded Recti- 
fiers. Goodhue, Power.......... 1200-05 
Shock Effects of Frequency, Electric. 
Kouwenhoven, Hooker, Lotz..... 
(Shock) Electrical Studies of Living 
Tissue. Conrad, Teare, Haggard. 768-72 
Shock on the Heart, Effect of Electric. 
Ferris, King, Spence, Williams. . 
Discwand ClOsuren. scm a oor «ate 
Signaling Facilities of the Teletype- 
writer Exchange Systems, Switch- 
boards and. Knowlton, Locke, 
RINGER Neraremiads ch net atee ra ei Spe ams Nereus 1015-25 
Silicon Steel in Communication Equip- 
ment. Crawford, Thomas. (Dec. 
1935, p. 1848-53) 
ise-sanduclosures.a0-...06 ss es. «| 
Silk Thread Diameter, Electrical 
Measurement of. Shuck........ 
Similarity Relations in Electrical En- 
gineering. Brainerd, Neufeld. 
(March 1935, p. 268-72) 


376-84 


636-49 
1247 


164-7 
436-7 


498-515 
1263 


Sliding Contacts—Electrical Charac- 
TOLISUICS MPD A KCL AMM. reso ctckernote 
Disc andeclosuremerrs pois: sacks ae 
Social Progress, Research and. Ketter- 


1936 REFERENCE INDEX 


Some Applications of Instrument 
Transformers. Knopp.......... 
Disewand clostresare sess se 
Some Lighting Features at the Great 
Wakes Hixposrtionys. sates < as... <0 1 
Sound Level Meters, Tentative Stand- 
ALGS 1Or eve urd yin cs «cise 
(Sound Measurements) The Calibra- 
tion of Microphones. (Com. rept.) 
Spark Lag of the Sphere Gap. Tilles. 
(Aug. 1935, p. 868-76) 
Diserandsclosures. cui. See. See 
Sparkless Sphere Gap Voltmeter, The. 
Sorensen, Hobson, Ramo. (June 
1935, p. 651-6; disc. Sept. 1935, 
p. 1002) 
Misc, andeclOsure x: <, bye sone ee 
Sparkless Sphere Gap Voltmeter—II, 
The. Sorensen, Ramo.......... 
Discs angeclosure. << Seco... cee cee 
Spark-Over Voltages, Revised Sphere- 
Gap. (Com. rept.).. 
Special Tests on Trapuleey Cirenit 
Breakers) “Skeats.. . s... waco cee 
Disc peMBaeclOSUTe...... , na ee 
Speed Transients of D-C Rolling Mill 
Motors. Umansky, Linville. 
(Apr. 1935, p. 387-94) 
Discwandsclosures.,.....0: seen 
Sphere Gap, Spark Lag of the. Tilles. 
(Aug. 1935, p. 868-76) 
IDisGmaAndeClOSUTe.« ..<. =e es 
Sphere-Gap Spark-Over Voltages, Re- 
Kiscdmm (Com. rept; yee = 
Sphere Gap Voltmeter, The Sparkless. 
Sorensen, Hobson, Ramo. (June 
1935, p. 651-6; disc. Sept. 1935, 
p. 1002) 
Wisceand closures. see eee ee - 
Sphere Gap Voltmeter—II, The 
Sparkless. Sorensen, Ramo..... 
Discs and closures. see ee 
Split Phase Starting of 3-Phase Motors. 
Tracy, Wyss. (Oct. 1935, p. 
1068-72) 
IDisemand' closuressmerretee aoe see 
(Stability) Circuit Breakers for 
Boulder Dam Line. Prince. (Apr. 
1935, p. 366-72) 
Discs. and closureseeemeere ease 1 
(Stability) Fault and Out-of-Step 
Protection of Lines. Braley, Har- 
vey. (Feb. 1935, p. 189-200) 
Disc, and closureseeereeen cian 


Stability of Cable Insulation, Studies 
of.— Halperin; Betzers a... e+ 1 
(Stability) Resolution of Surges Into 
Multivelocity Components. Bew- 
ley. (Nov. 1935, p. 1199-1203) 
Disc:-and+clOsuressee eee core 
(Stability) Steady State Solution of 
Saturated Circuits., Beckwith. 
(July 1935, p. 728-34) 
Disc..and Closuremee eerie ees Loe 
(Standards) Definitions of Power and 
Related Quantities. Curtis, Sils- 
bee. (Apr. 1935, p. 394404; disc. 
Oct. 1935, p. 1120) 
Disc: and! closures ae eee 
Standards for Sound Level Meters, 
Tentative. McCurdy........... 
(Standards) Revised Sphere-Gap 
Spark-Over Voltages. (Com. rept.). 
Static Thermionic Tube Frequency 
Changer, A. Schmidt. (Oct. 
1935, p. 1063-7) 
Disceand closures eee 
Steady State Solution of Saturated 
Circuits. Beckwith. (July 1935, 
p. 728-34) 
Discand closure. eee eee 
(Steam Electric) Design and Operation 
of Huntley Station No. 2. Cush- 
ing. (June 1935, p. 632-45; disc. 
Sept. 1935, p. 996) 
Discwand closure: sae eaeet tyes see 
Steel in Communication Equipment, 
Silicon. Crawford, Thomas. (Dec. 
1935, p. 1348-53) 
Miscranduclosure... eeraeertsciare sc ol 


TECHNICAL SUBJECTS 


285 


903 


407 


883 


Steel Industry, Electrical Develop- 
mentsinthe. Wright........... 1168-73 
Steel Mill Service, D-C Circuit Break- 


ers for. Deans. (June 1935, p. 
594-8) 
IDISC Rk x Oe ne pow. eae. 170 
(Steel Mill) Speed Transients of D-C 
Rolling Mill Motors. Umansky, 
Linville. (Apr. 1935, p. 387-94) 
Dise: andiclosutemaceeri. ce. 2 ec 172 
Steel Plants, Electric Power Equip- 
ment for. Wright. (May 1935, 
p. 481-5) 
Dise. and: closure: sacreeeeeeee 170 
Steinmetz, An Engineering View of 
and From. “Swopeseere sine: 572-4 
Storage Battery Charging. Wood- 
bridge. (May 1935, p. 516-25) 
Dise}and ‘closure. 5.2... sm eerie 190 
Stray Load Loss Tests on Induction 
Machines—II. Morgan, Siegfried 493-7 
Disowandi closures... a..oee aoe 1246 
Studies of Stability of Cable Insula- 
tion. Halperin, Betzer.......... 1074-82 
Supervisory Control and Remote Me- 
tering: “Duerketiter: >see 70-5 
DISC ixBaes a Re eee oe ee 890 
Surge Currents in Protective Devices. 
Opsahl. (Feb. 1935, p. 200-04) 
TIS Creceh sca bacon he Pee 199 
Surge Protectors for Current Trans- 
formers. Camilli, Bewley....... 254-60 
Surges in Rotating Machines, Switch- 
ing.) Calvert, Hielderssemere see 376-84 
Surges Into Multivelocity Compon- 
ents, Resolution of. Bewley. 
(Nov. 1935, p. 1199-1203) 
Dise.vandiclosureseo. nee oe 903 


Switchboards and Signaling Facilities 
of the Teletypewriter Exchange 
System. Knowlton, Locke, Singer.1015—25 
Switching Surges in Rotating Ma- 


chines. Calvert, Fielder........ 376-84 
(Symmetrical Components) Analysis 
of | Unsymmetrical Machines. 
Jy ony kings eye neceii tare 471-6 
Dises Ck Reve eee 1247 
(Synchronous Machines) Hydrogen 
Cooling of Rotating Machines. 
Laffoones nastiest tee ere 703-09 
IDisGny Jac arks bon oO ae 1243 
Synchronous Machines, Load Losses 
in Salient Pole. Pollard. (Dec. 
1935, p. 1332-40) 
DISC! trdotere-tarstonia ld Ree ene 809 
Synchronous Machines, Negative-Se- 
quence Reactance of. Thomas. .1378—-85 
(Synchronous Machines) Salient Pole 
Motors Out of Synchronism. 
Gauder ice Dede cae ee 636-49 
DiseSandsclosure:macaee eos 1247 
(Synchronous Machines) Test Values 
of Armature Leakage Reactance. 
Rogers. (July 1935, p. 700-05) 
DISC Have, Atvaae toca oes A act ee 284 
Synchronous Machines, Tests on 
Armature Resistance of. Robert- 
son. (July 1935, p. 705-09) 
Discwandic] OSUTC eet ten eee 283 
Synchronous Mechanical Rectifier- 
Inverter—II. Seyfert, Hibsh- 
man, bombergeryess seer 548-53 
Discs andiclosuremea. ate 1244 
Synchronous Motors, ‘‘Angle Switch- 
ing’ of. Shutt, Dawson. (Nov. 
1935, p. 1191-5) 
Disc; andiclosures. 4 aerate 895 
Synchronous Motors, Pull-In Char- 
acteristics of. Shoults, Crary, 
Lauder. (Dec. 1935, p. 1385-95) 
Disewandsclosures: peers ares 896 
if 
Telephone Noise and Power Wave 
Shape, Measurement of. Bar- 
stow, Blye, Kent. (Dec. 1935, p. 
1307-14) 
Dise: :and/closure. nee 818 
1417 


Telephotograph System, A New. 
Teoh lA CRRA. hg Sade cueMGInnoR ia 996-1007 

Teletypewriter Exchange Service, a 
Transmission Service for. Bemis, 


Teletypewriter Exchange System, 
Switchboards and Signaling Fa- 
cilities of the. Knowlton, Locke, 
Sinpent occas es sles ce ve oserloe ve 

Tensor—A New Engineering Tool, 
Tee BOVARIAD <5 vec as cee ene 856-62 

Tensor Algebra in Transformer Cir- 

GUIGSSe CB OWLEY as © «ose eiere De es 1214-19 

Tensor Analysis of Multielectrode- 

Rube Circuits: Krons.c. es ser 1220-42 

(Tensor Analysis) Salient Pole Motors 
Out of Synchronism. Lauder... 

Disc; ANd ClOsULOs elect eels oie «ole 

Tentative Standards for Sound Level 
Meters. McCurdy..:.......... 

Test Values of Armature Leakage Re- 
actance. Rogers. (July 1935, p. 


636-49 
1247 


260-3 


284 
Tests of Explosion-Proof Motors, In- 
spection and. Nuckolls......... 
Tests, Oil Circuit Breaker and Voltage 
Recovery Rates. Poitras, Kuehni, 
Skeats. (Feb. 1935, p. 170-8) 
MISO HANGUCIOSULO sesars wiley stelle s atetaiay +) = 193, 269 
Tests on Armature Resistance of Syn- 
chronous Machines. Robertson. 
(July 1935, p. 705-09) 


151-8 


MISOsrANGUCLOSUTOs cst ceric. ete aevsie =) 6 283 
Tests on Impulse Circuit Breakers, 

DCCA SKEAUS, . costs sis eles rs oere 710-17 

DISC TANGUCLOBUTO +. oi) cfaiele we've 8's 5.6 1256 


Tests on Lightning Protection for 
A-C Rotating Machines. Hunter. 137-44 


DIisewAanadvelOsure:ssis\c%s ec. e she's cies 1035 
Tests on Oil Impregnated Paper. 

ACO me Hae teitehr nei ererwe sates 6st 590-9 

IDiscwand ClOSULO Hs icaavecisstls6!e\ 1140 


Texas Centennial Central Exposition, 
; Electrical Features of the. Fies.1060—-74 
Thermal Fuse for Network Protectors, 
ACING Wier IN CULLOCOM emis erene, snc 12 er 
Thermionic Tube Frequency Changer, 
A. Schmidt, Griffith. (Oct. 1935, 
p. 1063-7) 
DISeRANGsClOSUTO ys, sueie cieie severe 'ace to's 
Thermocouple Ammeter, The Compen- 
sated: Goodwin... f.tees es ses 
DIAC eATLOSCLOSUDO Sete ancty fac oye ot shes 2% 
Thunderstorms, Fields Caused by Re- 
mote. 


407 


23-33 
407 


575-82 
1271 
Time-Temperature Tests to Determine 
Machine Losses. Ross. (May 
1935, p. 512-15; disc. Oct. 1935, p. 
1107) 
DISC PANGHCIOSUTO <1. wlohe ae e's ohere, dX 285 
Today’s Trends in Lighting. Powell.1100-10 
Torque in a Bipolar Induction Meter. 


IVIOT UOTE Pron ie BroitieloroStics ow sa u8ke 354-8 
DIS CAaatee SEPANG shee oc lahetee etree ohn ws 893 
Transformer Circuit Impedance Cal- 
culations. Garin, Paluev........ 717-30 
Disesand Closures. «sc tceiee sche Seed 70 
Transformer Circuits, Tensor Algebra 
BN MES CWLOV Sea cah cles ele oretciees 1214-19 
Transformer Lightning Protection 
Practices, Distribution. Smith.. 47-53 
DISGHANGIClOSUTOM la voir e's Se ote te 911 
Transformer Regulation, An Exact 
Hormulatorg § Clem. ssh esse 466-71 
Discwand Closure... 25 asics os sec oa she 1274 
Transformer to Protect Power Station 
Communication, Neutralizing. 
George, . Honaman, Lockrow, 
SCH Wart. «ce ichee nie cae meee De eels 524-9 
Transformers, for 287.5-Kyv Service, 
Power. James, Vogel........... 438-44 
MISCH Mees ete bis co Metta obits wie s 1274 
Transformers, Frequency  Tripling. 
Cabell. tes anata code oan oe 784-90 
UD ATT in th ey Mein ae on eae 1039 
Transformers, High Power Audio. 
ROUTES ME rye ns Mitte 6 oa ecto ae OTe 34-6 
WING: GN: Clogure;......s.+ ssl. cekns 889 
1418 


Transformers, Improvements in Com- 
munication. Ganz, Laird. (Dec. 
1935, p. 1367-73) 


Disc. anduelosure nce. sas - eee 890 
Transformers, Lightning Protection 
for. {(Comeropta)neaes s/s «ket 53-6 
DIS... charters Lette eee ais ol natetas 918 
Transformers, Lightning Protection of 
Distribution. Flanigen. (Dec. 
1935, p. 1400-05) 
Dise; and clogure-cane teens. <r 909 
Transformers, Overrefined Oils in 
Powers chord .vs.c nepetoe os ee 371-5 
Transformers, Some Applications of 
Instrument. Knopp..........-. 480-9 
Disc; and closures Soest aces ors 1257 
Transformers, Surge Protectors for 
Current. Camilli, Bewley....... 254-60 
Transformers With Concentric Wind- 
ings) Power alicvarery. cc oe 649-59 
Disesand closure... eee oe ss 1272 
Transient Visualizers, Electronic. 
Reichs A551 eee ctas Gee eee ra ee 1314-18 
Transient Voltages in Rotating Ma- 
chines. Hunter. (June 1935, p. 
599-603) 
Disc and closuresacsem cones e occ 6 174 


Transients of D-C Rolling Mill Motors, 
Speed. Umansky, Linville. (Apr. 
1935, p. 387-94) 
Discwandclosuredscimes cee «<< 172 
Translator System, A Cable Code. 
Connery. (Noy. 1935, p. 1162-66) 


Disc: sndsclosure = cease se « 819 
(Transmission) A Criterion of Quality 
of Cable Insulation. Wyatt, 
Spring. (Apr. 1935, p. 417-21) 
DiscVand closure... cee 204 


(Transmission) A New Carrier-Current 
Coupling Capacitor. Eby. (Aug. 
1935, p. 484-52) 
Disc and closure, . «ise eee 281 
(Transmission) Automatic Boosters on 
Distribution Circuits. Olmsted. .1083-96 
(Transmission) Cable and Damper Vi- 


bration Studies. Pipes......... 600-14 
Disc, and ‘closure. .<-.. se eee 1149 
(Transmission) Cable Vibration— 
Methods of Measurement. 
Carroll, Koontz: 2.05 eee 490-7 
Dises-and: closure? 4.0523) eee 1147 


(Transmission) Calculations of Re- 
sistances to Ground. Dwight....1319-28 
(Transmission) Carrier Relaying and 
Rapid Reclosing at 110 Kv. 
Pierce, Powers, Stewart, Heberlein 1120-9 
(Transmission) Circuit Breakers for 
Boulder Dam Line. Prince. (Apr. 
1935, p. 366-72) 


Disexand..closure 2... aces 196, 269 
(Transmission) Circuit Breakers for 
Boulder Dam Line. Wilcox, 

HOGS ce. 2 Soc pinjseneteeh eee 626-35 

Disevand, closures. 4. secede 1250 


(Transmission) Corona Losses at 230 
Ky With One Conductor 
Grounded. Carroll, Simmons. 


906 
(Transmission) Crossing the St. 
Lawrence With Unstressed Cable 
Lengths. Thicke, Mace......... 
(Transmission) Economical Loading of 
Underground Cables. Church. 
(Nov. 1935, p. 1166-72) 
Disc. and closure... .2... aieetee ee 
(Transmission) Engineering Features 
of the Boulder Dam-Los Angeles 
Lines. Scattergood. (May 1935, 
p. 494-512) 
Dise. and closuré <4 sees 200, 282 
(Transmission) Equivalent Circuits— 
2 Coupled Circuits. Balsbaugh, 


164-7 


396 


(Transmission) Experiences With a 


Modern Relay System. Gerell... 1130-6 


TECHNICAL SUBJECTS 


(Transmission) Fault and Out-of-Step 
Protection of Lines. Braley, Har- 
vey. (Feb. 1935, p. 189-200) 
Dise: and closllremd.. ote. coma 197 
(Transmission) Fields and Charges 
About a Conductor. Hoover..... 448-54 


Disceand! closure sprain. see 1269 
(Transmission) Impedance Measure- 
ments on Underground Cables. 
Webb, Manzi.) ee sects ce ree 359-65 
Dise. and clostre:..3.- 2... -< sera 1138 
(Transmission) Laboratory Studies of 
Conductor Vibration. Carroll... 543-7 
Dise: and closure: . 28-8 asi seats 1148 
(Transmission) Lightning Currents in 
Field and Laboratory. Bellaschi. 
(Aug. 1935, p. 837-43) 
Disesandclosuresa.24- ee see 393 
(Transmission) Lightning Investiga- 
tion on a 220-Ky System—II. 
Bell cox ee en eee 1306-13 
Transmission Lines, Flashovers on. 
Bewley sso. smc csie stele nte tet orene 342-54 
Disovand closure; ts. ochs\ teeters ete 1136 
Transmission Lines, Lightning Inves- 
tigation on. Lewis, Foust. (Sept. 
1935, p. 934-42) 
Dise: and closures tants sec peaetete 5 274 
Transmission Lines, Modernization of. 
(Comarepts) Saccteste core etelerecekeetetene 14-18 
Disesaics-. ¢ etictices con neers 919 
(Transmission) Modernization of 
Power Distribution System. 
Seely eas dicitons 5 sia forscezarertene 75-84 
Disesand closuressesse ee eee 914 


(Transmission) Modernization of Re- 
lay Systems. Muller, Turner... 56-62 
i 922 


(Transmission) Porcelain for High 


Voltage Insulators. Rowland.... 618-26 
Disc; and closures a. ssisor nas eee 1142: 
(Transmission) Power Company Serv- 
ice to Arc Furnaces. Clark. 
(Nov. 1935, p. 1173-8) 
Disey «tis cence ere tie aero oa korres 412 
(Transmission) Power Transformers 
for 287.5-Kv Service. James, 
Vogel... See tie eee « ae sees 438-44 
Di8Gs chet g0 soe ener ee sere ete 1274 
(Transmission) Remote Metering and 
Automatic Load Control. Logan. 40-7 
Dise: and’ closure! <ssteacee ate 891 
(Transmission) Resolution of Surges 
Into Multivelocity Components. 
Bewley. (Noy. 1935, p. 1199- 
1203) 
Diser and closures saan ess eaters 903: 
(Transmission) Sinusoidal Traveling 
Waves. Weber, Kulman........ 245-51 
(Transmission) Special Tests on Im- 
pulse Circuit Breakers. Skeats.. 710-17 
Discwandiclosuresees 0 ee ee 1256. 
(Transmission) Steady State Solution 
of Saturated Circuits. Beckwith. 
(July 1935, p. 728-34) 
Dise: andiclosurew). 4-6. eee 282: 


(Transmission) Studies of Stability of 

Cable Insulation. Halperin, Bet- 

BOP se is ate CUR eee ee 1074-82: 
Transmission System for Teletype- 


writer Exchange Service, A. : 
Pierce? Bemis. + 2. see ee 961-70: 
(Transmission) Tests on Oil Impreg- 
nated Paper. Race....:.:+...es 590-9: 
Discaand closures eee 1140: 
(Transmission) 287-Kyv Boulder Dam 
Disconnecting Switches. Bowie, 
Garmant? 44.55.20 o. eee ee 582-9» 
(Transmission) Vibration of Cables 
and Dampers—I. Sturm........ 455-65. 
Dise.-and%elosure. <<a. ee aoe 1147 
(Transmission) Vibration of Cables 
and Dampers—II. Sturm....... 673-88. 
Disc. jand'closure!>. cs. eee eee 1147 


(Transportation) Development of the 
All-Service Vehicle. Schreiber.. 236-40: 
(Transportation) Diesel Electric Mo- 
tive Power for Railroads. Can- 
dee. (Aug. 1935, p. 863-8) 


Disc; and\closuresenes. se eee 294. 


ELECTRICAL ENGINEERING. 


ier Electrical Apparatus 
for Diesel Cars and Locomotives. 


RRITUE Sa AS ee eso, Re 335-4] 
IVER ABER. 3 SOM i aie rei 1385 
(Transportation) Locomotive to Ca- 
- boose Radio Communication. 
LIS or RRS ccsgs cf ooo Mite shite ses 109-13 
MSG ANOQUCIOSULE. 2... os shh sce ous 825 


(Transportation) The ‘‘Biway’’ Sys- 
tem of Electric Platforms for Mass 


Transit. Storer. (Dec. 1935, p. 
* 1340-7) 
MeDisc. and closure...........20-:.. 822 
(Transportation) The ‘‘Comet’”—A 
Diesel Electric Unit Train. (Nov. 
: 1935, p. 1240-45) 
Meise. and closure..........0...2.. 819 
Traveling Waves, Sinusoidal. Weber, 


[SCUUSGT YAN CS, eS pape Det oR Ra 245-51 
(Trolley Coach) Development of the 
All-Service Vehicle. Schreiber. . 
‘Tube, A Cold-Cathode Arc-Discharge. 
_ Germeshausen, Edgerton...... 790-4; 809 
Tube Circuits, Tensor Analysis of Mul- 
tielectrode. Kron.............. 1220-42 
(Tubes, Igniter-Type Mercury-Cath- 
ode) New Developments in Igni- 
tron Welding Control. Dawson.. 
287-Kv Boulder Dam Disconnecting 


236-40 


~ Switches. Bowie, Garman...... 582-9 
Two Methods of Mapping Flux Lines. 
Godsey. (Oct. 1935, p. 1032-6) 
DISC wa CLOSULC vr fe wie coves avin 826 
LTRS. pls Bete Hee Ae os ee Oe 1287 
U 
Ultraviolet on Breakdown Voltage, 
Effect of. Nord. (Sept. 1935, p. 
955-8) 
MDUSGeSTOMCLOSUTO.. «cue ct ctenatie o ote 272 
Units, IEC Adopts MKS System 
of. Kennelly. (Dec. 1935, p. 
1373-84) 
Disemana closure... coco usc ae 4s ashe 831 
Unsymmetrical Machines, Analysis of 
NV OM RGR PSIOY .....0'0-. « v0 a eneae 471-6 
 ADESORE ASS tty OEE EERO. cro 1247 
Vv 
Vector Potential, The Magnetic. Mce- 
IRs ous od.05 eee on. 534-42 
DWisce-and cClosuress. ..34. 4% 4. eau 1270 
Vectors in 3-Phase Circuits, Complex. 
See eeRMT oy ie eo silcl cieiel elare,e ehete 1356-64 
Vibration, Laboratory Studies cf Con- 
GUCTORECATROM Byer... cic ate. se bie 543-7 
DISCS AN GECIOSUTOM ge. =.c situetetaye's os oe 1148 
Vibration—Methods of Measurement 
Cable. Carroll, Koontz......... 490-7 
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ELECTRICAL ENGINEERIN( 
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OF 


CONNECTICUT RIVER POWER COMPANY 
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NEW ENGLAND POWER ASSOCIATION | 


UPPER CONNECTICUT RIVER 
e 


H i5 K.V. KERITE 
B® GENERATOR- TRANSFORMER | 
: CABLES 

INSTALLED 1930 


CONS 
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Bar-steel frames, electrically welded, pro- 

vide a substantial enclosure for the stator 

core. There's a lot of strength to stand 
jolts and overloads. 


Stator windings are effectively protected 
by the Reliance “Duraseal” Insulation Pro- 
cess to put up greater than usual resis- 
tance against dust, moisture and fumes. 


| TYPE “AW” WOUND-ROTOR 


FOR TWO OR THREE~- PHASE ALTERNATING CUR 


THIS MOTOR is more susceptible of control by external m 


Besides careful slot insulation, the com- 

pleted rotor is given the same “Duraseal” 

protective treatment as the stator. This | 

thorough treatment Is used even for the 
lower voltages. 


than the more commonly used squirrel-cage induction m« 


When combined with suitable control equipment it is usefu 
many applications which require one or more of the following: (1) the : 
ing of heavy loads with low starting current; (2) smooth accelera 
(3) frequent starting, stopping or reversing; (4) speed variation. Ty; 
applications are hoists, conveyors, bending rolls, ventilating fans... 
liance puts into these motors all that is essential to meet the demanc 
hard, continuous service. Of further importance is a helpful Enginee 
Service to aid in determining where, when and how to apply, and to r 


certain that you profit from any possibilities for keeping down first c 

Ball-bearing Type “AW” Motor with ‘ Sens . : : : : 
MagNelic brake, simplifying equipment, and reducing maintenance. Write us if you 
applications requiring special consideration as to torque, frequenc 


starting, quick stopping, acceleration, reversing or speed control. 


THE RELIANCE ELECTRIC & ENGINEERING COMPA 
1086 IVANHOE ROAD CLEVELAND, | 


Branches: Boston, Buffalo, Chicago, Cincinnati, Detroit, 
Greenville, S.C.. New York, Philadelphia, Pittsburgh 


Representatives in other principal cities 


Three crane-type wound-rotor motors are 


used on this Cleveland Crane in oa large 


maini.warking nian? 


Induction Motor develops 


DRIVES A 500 MILE AN HOUR GALE- 


through giant 
wind tunnel at 
Langley Field, 


Virginia 


8000 Horsepower 


Bee huge 50-ton motor — the 
driving power for a new “full 
speed” wind tunnel used by the Na- 
tional Advisory Committee for Aero- 
nautics to conduct scientific research 
in aeronautics — was recently in- 
stalled at its laboratories at Langley 
Field, Virginia. Solidly coupled to a 


fan shaft, with an 18 blade fan, this 


USS MAGNET WIRE 


AME RILG@GAN STEEL. & 
208 S. La Salle Street, Chicago 


Columbia Steel Company, San Francisco, Pacific 
Coast Distributors 


motor, at its maximum, delivers a 500 
mile an hourwind atthetest chamber. 

The Magnet Wire used in its 
construction was furnished by the 
American Steel & Wire Company — 
specialists in the making of Magnet 
Wire — of every type and grade — 
and of Electrical Wires and Cables 


for all uses. 


.) 


United States 


Steel 
York, Export Distributors 


¥ 


INTERESTING FACTS ABOUT 
THIS UNUSUAL MOTOR 


Made by the Crocker Wheeler Electric 


Manufacturing Company, Ampere, New 
Jersey — develops 8000 H.P.— and its base 
measures 115’’ wide and 19014” long. 


WIRE COMPANY 
Empire State Building, New York 


Products Company, New 
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ACTOR. KE. 
STANDARDS 


The Standards of the American Institute of Electri- 
cal Engineers now consists of forty sections on 
electrical machinery and apparatus. They are 
chiefly devoted to defining terms, conditions, and 
limits which characterize behavior, with special 
reference to acceptance tests, and many of them 
are recognized officially as American Standards. 


ALE EB. SPANDARDS = 


The Standards available are listed below, together with 
prices. A discount of 50% is allowed to Institute mem- 
bers. Such discount is not applicable on extra copies ua- 
less ordered for other members. Numbers of the Stand- 
ards Sections should be given when ordering. 

A binder (illustrated above) for standards is available. 
Long wearing stiff covers resembling leather, lettered in 
gold. Price $1.75 net. 


(Figures in Parentheses Give Dates of Latest Editions. | 


No. 1 General Principles Upon Which Temperature *30 Wires and Cables (9-32).. Se Sea ae Re .40 
Mackie Coa s in the apeeans os ee $0.20 3 Electrical Measuring theesamertes ( 27) $c tla .30 
4 Measurement of Test Voltage | in Dielectric Tests 36 Storage Batteries (2-28)... Ap ee ey -20 
(5-28). ie: 30 *38 Electric Arc Welding Apeateene (1.34). Aim 40 
*C50_ ~— Rotating Bieccical Machifery ‘(This sAmenican *39 Electric Resistance Welding Apparatus (1 34). a .30 
Standard supersedes the former A.I.E.E *41 Insulators (3-30)... 30 
Standards Nos. 5, 7, 8, 9 and 10, Direct Current Rese. : 
Generators and Motors, Alternators, Syn- 45 Recommended Beactice Go Eleseieal Tngalveans 
chronous Converters, Induction Motors and emtohipboard (10-30) 22...) eeeeererreet 1.50 
: Fractional H-P Motors, respectively) ee wits 1.30 *46 Hard Drawn Aluminum Conductors (6-27)....... .20 
11 Railway Motors (7-25).. aoe teens 30 *60 Specifications for Tinned Soft or Annealed Copper 
*12 Constant Current inratlisanto (1-34). pare eee .30 Wire. (See No. 61 for price.) 
13. Transformers, Induction peenlet and Reactors *61 Specifications for Soft or Annealed Copper Wire. 
(5-30).. ; Legato ete .40 (Nos. 60 and 61 pubashed as one papeae) 
*14 Tascament Transformers (3. 95). shorts. afer 30 (9-28). 30 
*15 Industrial Control Apparatus (5- 28). See PE Ste 40 *63 Specetions fon 30 Per cae Rane Tnsclenen 
*16 Railway Control Apparatus (1-33).............. 40 for Wire and Cable for General Purposes (9-28) .30 
*17f Mathematical Symbols (2-28) .. ; te 30 *69 Specifications for Cotton Covered Round Copper 
*17g1 Letter Symbols for Electrical Quarades (11. 28)... .20 Magnet Wire. (See No. 71 for price.) 
*17g2 Graphical Symbols for Electric Power and Sune *70 Spesigaions for Genesis eae Copper 
(1-34). —t 20 agnet Wire. (See No or price 
*17g3 Graphical Syinbols foe Rade (1-34). BOPP ee ET 20 *71 Specifications for Enameled Round Copper 
*17g5 Graphical Symbols for Electric Traction Including Magnet Wire. (Nos. 69, 70, and 71 Tok 
Railway Signaling (1-34).. 40 as one pamphlet) (9-28). . .30 
*17g¢6 Graphical Symbols f for # Telephone + ee d Telegraph *72 Specifications for Weathernrel Wires Ae EASE: 
Use (3-29). 20 (See No. 73 for price.) 
*18 Capacitors (6- 34). ae ee 20 *73 Specifications for Heat-Resisting Wire and Cables. 
19 Oil Circuit Bicakers (7. 25). SOIREE peer 30 Pee and 73 Publned Bs -one cae 
20 ~=Air Circuit Breakers (5-30). . sae 30 eae: -20 
22. Disconnecting and Horn Gan Suitches (7. 25)... .30 100 Recommendations fo for the = Operation of Trans- 
26 Automatic Stations (5-30).. satan 30 EE Res as es 2 
27. ~=Switchboards and eraiching Equipment f es Por Total Cost of Complete Set.............. 
and Light (10-30)... r Power mo P $12.30 
*28 Lightning Arresters (3. 36). Ato oh ea eee rere .30 * Approved as American Standard. 


Eight such sections are now available in report form for 
purpose of criticism, and copies will be sent without charge 
upon request, with the exception of No. 2 for which there 
is a non-member charge of $1.00, with usual 50% discount 
to members. These sections are as follows: 
No. 2 (Aug. 1932) 
nitions. $1.0 
Mercury Arc Rectifiers. 
Oil Circuit Breakers 


6 
19A 
(Proposed revi f No. 19 
Pie ates sion of No. 19) 


Sections in 


Preparation 


Fuses Above 600 Volts 
Electrical Recording Instru- 
ments. 

Test Code for Transformers. 
Test Code for Polyphase In- 
duction Machines. 


lecwice Defi- 


American Institute of Electrical Engineers  * West 3th se 


ee eee ee eee 
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“and here’s the 
biggest little fea- 
ture of them all... 
main contacts 4 
_ SOLID SILVER”; 


ILVER contacts, welded to solid copper, give 


G-E air circuit breakers three operating advan- 
tages that users value: 


4. Superior performance—because silver eliminates troubles 


due to oxidation and consequent overheating. 


2.~ Minimum attention—because solid, silver contacts re- 


ENERAL @ ELECTRI 


quire no cleaning to reduce temperature tise. 


3. Longer life—because of the permanence of solid can- 


struction . 


Why not obtain these advantages of solid, silver- 
to-silver contacts. Specify G-E breakers. General 
Electric, Schenectady, New York. 


860-8 


C 


M.I.F. Accessories 
For Tubular Poles 


Tubular pole shown at right is reinforced 
at ground-line with a C-Clamp. Similar 
A-Clamps and B-Clamps provide means 
for reinforcing joints where reduction is 
required from lower to upper sections. 
A-Clamps are also used for extensions with 
pipe 1” smaller in nominal size. The line 
cut below shows details of C-Clamp used 
for extension with pipe of same size. 


Send for Catalog 
M.I.F. 
Pole Hardware 
Specialties 


Pole Mounts are available—similar in purpose, 
but modified in design for exact fit—for anchor- 
ing tubular poles of standard sizes entirely above 
bolting surfaces provided on rock, concrete, steel 
construction, etc. ° 


Crossarm Gains are available for mounting wood 
Crossarms on standard poles. The line illustra- 
tion shows such Crossarm Gain using strap bolts, 
but friction grip may be improved by substitut- 
4 ing special Back Strap Castings secured with 
clamping bolts. 

Other M.I.F. Pole Hardware Specialties include: Pole 
Stubbing Clamps, Cable Messenger Clamps, Insulated 
Cable Hangers, Corner and Tap Line Suspension Fittings, 
Secondary Racks, Crossarm Gains, Through-bolt Guy- 
ing Devices, etc. 


MALLEABLE IRON FITTINGS COMPANY 


Pole Hardware Dept. [ Rarinsaonisslonice ] Branford, Connecticut 


oe 4c FZ 
bs “APN =A RE” b. 
Bh pase ay fits y “ New York Sales Office: Thirty Church Street 
> - « BAY sat Lek <i> Canadian Mfg. Distributor: <> 
tong: Me ii 4 ott?” LINE & CABLE ACCESSORIES, Ltd., Toronto 
l My og nn 
AAT an Y Di rik Nn en Nh ia f ul Mins 
ad , ly | 
\\y g Ht vhs ¥ 


viele on 
es Msi 
-~ 


pemceds MINERALLAC 
STRENGTH WOLNYG- Vel (6 


COMPOUN DS 
hig Voltage Lines 


Cl Overhead Ground Wires 
have the high tensile strength and mechanical 
stability required for such installations. They 


can be pulled up tightly, with safety, to provide 
maximum clearance above conductors at mid- -in Cable J Joints 
span. They are able to withstand heavy ice and 

Se : iu | and Pothtad 


wind loadings without being overstressed. 


Copperweld Ground Rods and Clamps provide 
the dependable grounds required with overhead 


Always R Slee 


d wires. They d i i X 
ground wires ey do not depreciate with “High dielectric stxengt ~ 


time. A> 


12S. 


Approved physical proper 


MEU SU RAEML UIA pinerallac Electric Gompany 
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Outdoor meter cases of Alcoa Aluminum cannot rust: 


Die cast from Alcoa Aluminum. 


QUTDOOR METER CASES eed‘ Lesl and last’ 


Nature made Aluminum resistant to the weather. 
There’s the whole story! 

Outdoor meter cases have got to stand the weather 
or else. You cannot afford repainting. You cannot 
afford what happens if you don’t repaint ordinary 
cases. You cannot afford cases which will rust and 
stain walls or other adjacent surfaces. That makes 
the specification of Alcoa Aluminum the most logical 
thing in the world. 

Common sense! Service records are proving it. 
The authorities lend their recommendation. And we 
add our invitation to embrace the real economy 
of Aluminum Meter Cases. 


Some manufacturers use Alcoa Aluminum sheet 
to form their line of cases. They offer you units which 
weigh only half as much as ordinary cases. 

Other manufacturers use die castings of Alcoa 
Aluminum to form their boxes. Intricate fittings, 
bosses, and lugs, may be cast integrally. Identifying 
inscriptions and instructions may also be reproduced 
in the casting operation with exacting detail. 

First cost of either of these types is reasonable. 
The year by year savings are very real, indeed. May 
we give you the names of manufacturers from whom 
these cases may be obtained? ALUMINUM COMPANY 
OF AMERICA, 2149 Gulf Building, Pittsburgh, Pa. 


ALCOA-ALUMINUM 
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oHLEACUWRICAL CONTACTS 


A Check-Up 


You have everything to gain and noth- 
ing to lose by submitting your contact 
problems to Fansteel. You will gain 
the experience of a group of metal- 
lurgists and engineers who pioneered, 
developed and perfected the contacts 
used in the majority of high grade 
electrical products. 


May Improve Performance 


A very slight alteration in the ma- 
terial, mechanical design, or electrical 
application of a contact often changes 
failure or mediocre performance into 
success. Recommendations for such 
changes are made after careful scien- 
tific tests—in our laboratory, in yours, 
or both. 


Reduce Costs 


An expensive contact is not always a 
successful one. Investigation may 
prove that a lower priced contact will 
serve your purpose better. We rec- 
ommend impartially the metal best 
suited—tungsten, molybdenum, sil- 
ver, platinum, or special alloys. 


Or Both at the Same Time 


And it is possible that a change in 
your contacts may result in both im- 
proved performance and lower cost. 
A letter outlining your problem is the 
right start. 
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Science Abstracts 


ALL electrical engineers actively 

engaged in the practice of 
their profession should subscribe 
to “Science Abstracts.” 


Through ‘Science Abstracts” 
engineers are enabled to keep in 
touch with engineering progress 
throughout the world, as one hun- 
dred and sixty publications, in 
various languages, are regularly 
searched and abstracted. “Science 
Abstracts” are published in two 
sections, as follows: 


**A*?_PHYSICS—deals with electricity, 
magnetism, light, heat, sound, 
astronomy, chemical physics. 


“B’—ELECTRICAL ENGINEERING— 
deals with electrical plant, power 
transmission, traction, lighting, 
telegraphy, telephony,wireless tele- 
graphy, prime movers, engineering 
materials, electrochemistry. 


Published monthly by the Insti- 
tution of Electrical Enginers, Lon- 
don, in association with the Phys- 
ical Society of London, and with 
the cooperation of the American 
Institute of Electrical Engineers, 
the American Physical Society and 
the American Electrochemical So- 
ciety, they constitute an invaluable 
reference library. 


Through special arrangement, members of 
the A. I. E. E. may subscribe to ‘‘Seience 
Abstracts” at the reduced rate of $5.00 for each 


DONNA IONIUGUNUINLIUUDULUDULURUIQDUONOUQOUUUDLUEOLONEUODLUO DDL 
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: section, and $10 for both. Rates to non- 
A New Book— Ready Soon members are $9.00 for each section and $15.00 
Aviimited edition Technical Manuat el 
é Imite edition echnical ‘\ianua > Con- é Ee 
taining new engineering information, is Subscriptions should start with the January 
being prepared. A copy will be reserved for issue. The first volume was issued in 1898. 
you if you write Back numbers are available, and further 
information regarding these can be obtained 
upon application to Institute headquarters. 
5 | A N bey A LH L f | American Institute of 
METALLURGICAL CORPORATION Electrical Engineers 
4 NORTH CHICAGO, ILLINOIS 33 West 39th Street 
TANTALUM TUNGSTEN . . . MOLYBDENUM New York 
> {CID PROOF EQUIPMENT COLUMBIUM 
ELECTRICAL CONTACTS . ‘TALUM C : 
soe eee Bt » TANTALUM CARBIDE Soy quits NNN 
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NEW. . 


PHASE 
ROTATION 


INDICATOR 


By 
FERRANTI 


HIS new 2'/;’’ POCKET instrument 
immediately indicates the phase-rota- 
tion of any three-phase circuit. 


110 - 550 volts 
25 - 125 cycles 
Portable, Flush or Projecting Patterns 


No parts to break or get out of order. 
Simply clip the 30” leads to the circuit 
and the rotation of the disc instantly indi- 


cates the phase sequence. LOW IN COST. 


Complete descriptive data on request 


FERRANTI ELECTRIC, Inc. 


- New York City 


30 Rockefeller Plaza - - 


The Acme Insulation 
Breakdown Tester is an 
entirely new kind of 
testing unit that not only 
indicates grounds, shorts or 
opens—but provides for actual 
checking of circuits at approved 

standard testing voltages. Oper- 
ates from any 115 volt, 60 cycle 
primary circuit. Manually con- 
trolled tap switch for secondary voltage 
adjustment from 500 to 2500 volts. 


Send For 
Free 
Bulletin 


Permits the application of high voltages 
to positively prove the safety qualifications 
of the electrical apparatus under test. May 
be adjusted to test in accordance with 
Underwriters’ Laboratories recommendations, 


THE ACME ELECTRIC & MFG. CO. 
1446 HAMILTON AVE. 


CLEVELAND, OHIO 
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SET ZERO 
& 


An Ohmmeter 
—direct reading— 


to 00.000 
Megohms! 
For 


® General High-Resistance Testing 
® Measurement of Leakage Resist- 


ance 
® Locating Defective Insulation in 
Transformers, Motors and 


other Electrical Equipment 
® Production Testing 
® Testing Resistance Units 


AS simple to operate as the usual 
ohmmeter, this new General Radio 
Megohm Meter covers the range of 
20,000 ohms to 50,000 megohms. A 
vacuum-tube voltmeter is used as the 
indicator in the standard ohmmeter 
circuit. 


The indicating meter has the standard 
ohmmeter calibration with center-scale 
values of 1, 10, 100, and 1,000 megohms. 
The instrument is entirely a-c operated, 
from a 115-volt 42-60 cycle supply. Itis 
supplied complete with vacuum tubes, 
7-foot line cord and spare fuses. 


Type 487-A Megohm Meter $95.00 


Write for Bulletin 84-A for 
complete description 


GENERAL RADIO COMPANY 


Cambridge Massachusetts 
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BLACK & VEATCH 
Consulting Engineers 


ter, Steam and Electric Power Investiga- 
Mya Design, Supervision of Construction, 
Valuation and Tests 


eS TE SO ST OT ES. RY 


q 4706 Broadway KANSAS CITY, MO. 


’ 

A 

EDWARD E. CLEMENT 
| Fellow AIEE 

; Attorney and Expert 

j in Patent Causes 

; Soliciting, Consultation, Reports, 

| Opinions 

" 

f 


1509 Decatur St., N. W. 
WASHINGTON, D. C. 


FRANK F. FOWLE & CO. 


Electrical and Mechanical 
Engineers 


CHICAGO 


35 East Wacker Drive 


FREDERICK T. HICKS 


Registered Patent Attorney 
Registered Professional Engineer 


Ex-Member of Examining Staff 
' 


of the United States Patent Office 


1541 Nicholas Bldg. 
TOLEDG DETROIT 


Penobscot Bldg. 


Professional Engineering Directory 


For Consultants in Engineering and Allied Sciences 


JACKSON & MORELAND 


ENGINEERS 


Public Utilities—Industrials 
Railroad Electrification _ 
Designs and Supervision—Valuations 
Economic and Operating Reports 


BOSTON NEW YORE 


SANDERSON & PORTER 
ENGINEERS 


FINANCING—REORGANIZATION— 
DESIGN—CONSTRUCTION 


of 
INDUSTRIALS and PUBLIC UTILITIES 
Chicago New York San Francisco 


SARGENT & LUNDY 


Incorporated 
ENGINEERS 


140 South Dearborn Street 
CHICAGO, ILLINOIS 


GEORGE T. SOUTHGATE 


ELECTRIC-POWER AND 
ELECTRO THERMAL ENGINEER 


Consultant in 
Design, Process and Patent Matters 


114 East 32nd Street NEW YORK 


Financial Investigations 


THE J. G. WHITE 


ENGINEERING CORPORATION 
Engineers—Constructors 


Oil Refineries and Pipe Lines, 
Steam and Water Power Plants, 
Transmission Systems, Hotels, Apartments, 
Offices and Industrial Buildings, Railroads 


80 BROAD STREET NEW YORE 


J. W. WOPAT 
Consulting Engineer 
TELEPHONE ENGINEERING 


Construction Supervision 
Appraisals—Financial 
Rate Investigations 


303 East Berry St. Fort Wayne, Indiana 


J. G. WRAY & CO. 
Engineers 
Utilities and Industrial Properties 


Appraisals Construction Rate Surveys 
Plans Organizations Estimates 
Management 


105 West Adams St., Chicago 


WHEN YOU 
require technical advice— 


or a solution to an 
engineering problem— 


CONSULT THIS DIRECTORY 


Employment Bulletin 


ea Gineorine Societies EP lovrscnt Service 


TP, 


AINTAINED for their members by the national so- 
cleties of civil, mining, mechanical, and electrical 
engineers, in co-operation with other organizations. An 
inquiry to any of the three offices will bring full information. 
A weekly bulletin of engineering positions open is 
available to members of the co-operating societies at a 
subscription of $3 per quarter or $10 per annum, payable 
in advance. 

In the interest of effective service, it is essential that 
members using the employment service keep the bureau 
office serving them advised at reasonable intervals con- 
cerning their availability for employment, concerning any 
change in status, and immediately upon acceptance of any 
employment. 

Employers interested in the following announcements 
should address replies to the key numbers indicated, and 
mail to the New York Office. 


Men Available 


A.B., S.B. in E.E., 37; 5 yrs with mfr; 9 yrs 
util indus heating, new business mgr, asst to pres, 
analyzing oprtg and mgmt problems. Desires 
analytical or consulting pos. D-5318. 


E.E., Des, constr, util; 
tractors; pwr plants, 
commercial bldg wiring; 


D-5478, 


10 


estimating, draftg, con- 
distr systems, indus and 
14 yrs exper; best of ref. 


E.E. GRAD, 34, 10 yrs exper pwr station, sub- 
station des; 3 yrs valuation, appraisal. Exper 
with largest util East, South, Middlewest. De- 
sires contact where varied exper would be of serv- 
ice. D-3149. 


TRANSM ENGR, E.E., 35; 10 yrs devpmt, des, 
engg, constr steel tower, wood pole pwr lines, distr 
systems, substations. Prepared estimates, specifi- 
cations, contracts for new constr and rebuild for 
larger capacities. C-3564. 


E.E., Cornell, G.E. test, 14 yrs asst engr, pub 
util, high and low tension substations, switch struc- 
tures, estimating, des, constr distr systems, inves- 
tigations, economic studies; 2 yrs elec des, indus 
concern. B-9614, 


E.E., M.I.T., ’27. Instructing, testg, purchas- 
ing, des, prod, business exper, languages. Inter- 
ested in prod, elec devpmt, patents, des, research, 
tech promotion. Salary secondary. Available on 
short notice. C-3612. 


B.S., E.E., M.A. (Physics). Prof license, 29, 
single. Exper pumping, testg gas-filled electronic 
tubes, small transf des, radio research. Good per- 
sonality. Desires des, teaching, research, exec 
asst. Location NYC. D-5527. 


TECH GRAD, elec, 29; 10 yrs exper draftg, 
valuation-appraisal procedure; elec constr, pwr 
plant, distr, in charge; licensed E.E. Seeks per- 
manent connection East on cost, inventory sys- 
tems; constr, maintenance. D-5457. 
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ELEC ENGR, 38; 15 yrs exper, 7 as ex 
Pwr plant, RR and sales promotion exper. Sy 
cialties pub relations and sales research. Wish 
connection pub util or mfr. D-5555. 

E.E., B.S., 21, single, high honors Newark C 
of Engg 1936. Desires pos affording engg ext 
and advancement. Interested in des and co: 
Exper: Machine shop and elee testg. D-5487. 
_E.E., B.S., Univ of S. C., 1936, single, 21. I 
sires chance for exper and advancement in elec fie! 
Prefers pos in pwr transm or distr. Loeation i: 
material, salary secondary. D-5511. 

_ RECENT GRAD E.E., 1936, desires a pos 
junior sales engr with future. D-5104. 

GRAD 1934, E.E., B.S., single; 1!/: yrs mai 
tenance of pwr plant. Exper in spot welding, i 
spec and calibration of thermostats. Assembly 
air conditioning units. Bldg maintenance. Loc 
tion immaterial. D-3719. 

YOUNG ELEC GRAD, BS. in E.E., 19% 
academic honors, indus elec and radio tube te 
set maintenance and instal exper. Location pr 
ferred, N Y City or vicinity. C-9496. 

GRAD E.E., 30, married; 2 yrs banking, o 
Vie GE test, 5 yrs marine engg modern turbo-el 
ships, charge engine and boiler rooms. Practic 
elec and steam machy exper. C-9958. 

PUB UTIL ACCOUNTANT and engr, B./ 
B.S., M.B.A.; 11 yrs exper in oprtg util, one 
with regulatory commission. Pos desired with pi 
util or pub util consulting firm. B-2470. 

RESEARCH, DEVPMT BNGR,_ marrie 
43, E.E., B.S., M.S. in physics; 10 yrs exper | 
tel, timers, _H F oscillators, amplifiers, tran: 
rectifiers, switches, relays; also des, cost estima 
ing, mfg, supervision, inspec, testg. C-2677. 


ENGINEERING SOCIETIES 
EMPLOYMENT SERVICE 


NEW YORK SAN FRANCISCO CHICAG 
31 W. 39th St. 57 Post St. 211 W. Wacker [ 


DECEMBER 193 


(Welcome... 


Electrical Engineers 


Enjoy your visit to New York—inex- 

pensively. Stay at The Bristol—truly 

the city’s friendliest hotel. Every service 
that makes for pleasurable living. 


Adjacent to Radio City e Conservative Clientele 
Convenient to everything 


Room with Bath 


$2.50 to $4 Single 
$3 to $6 Double 


Famous Restaurants « Air Conditioned 


Luncheon from 50c e Dinner from 75c 


T. Eltiott Tolson, Pres. 


f / Yeoh Beh Maner 
oR ristol 


29 WEST 48th STREET - - - NEW YORK 


Engineering 
Societies Library 


A reference library for engineers—contains 

150,000 volumes—receives over 1,300 technical 

and periodicals on all branches of 
engineering. ‘ : ; 

Searches 2re made upon engineering subjects, 
translations from foreign publications, photostats 
made, etc. 

Books may be borrowed by members of the 
A.J.E.E. For information address, The En- 
gineering Societies Library, 33 West 39th St., 
New York. 


At Your Service 


WANTED 


OPIES of the January (1936) issue 
of ELECTRICAL ENGINEERING 


are required. 


If you care to dispose of your copy please 
mail it (parcel post) to American Insti- 
tute of Electrical Engineers, 33 West 39th 
St., New York, printing your name and 
address upon the enclosing wrapper. 
Twenty-five cents, plus postage, will be 
paid for each copy returned. 


EMBER 1936 


TRANSACTIONS 


FOR 1937 


To insure receipt of next years AIEE 
TRANSACTIONS, advance subscription is 
necessary and should be received not later than 
December 18, unless you have a standing order, 
at Institute headquarters, for this publication 
as issued. 


The annual TRANSACTIONS consists of the 
entire contents of the I2 issues of ELEC- 
TRICAL ENGINEERING for the current 
year, excepting only the advertising pages. Since 
the sheets for the TRANSACTIONS are printed 
while each issue of ELECTRICAL ENGI- 
NEERING is on the press, the total edition of - 
the yearly volume must be determined a year 
inadvance. This economical method of produc- 
tion enables the continuance of the members’ 
price of $4.00 per year ($12 to nonmembers) for 
the clothbound book; the paper-bound volumes 
no longer are issued. 


If you desire to receive the 1937 volume when 
issued, please mail your subscription at once; 
the attached coupon will serve as a convenient 
order form. 


American Institute of 


Electrical Engineers 
33 West 39th Street, New York 


MEMBERS’ SUBSCRIPTION FORM 


AIEE ANNUAL TRANSACTIONS 


National Secretary, AIEE 
33 West 39th St., New York, N. Y. 


Please enter my order for the 1937 annual volume of 
AIEE TRANSACTIONS at the members’ price of $4.00, 


payable upon issuance of the volume in December 1937. 


This subscription may be maintained for future 
editions until countermanded. 
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AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 


ER, VOLTMETERS 
tole INSTRUMENTS, ELECTRICAL) 


ERY CHARGING APPARATUS 
Be General Electric Co., Schenectady, N. Y. 


SHES COMMUTATOR 
Bee rational Carbon Co., Inc., Cleveland, O. 


BUS BAR SUPPORTS 
General Electric Co., Schenectady, N. Y. 


CABLE ACCESSORIES 
Minerallac Electric Co., Chicago 


CAPACITORS 
Aerovox Corp., Brooklyn, N. Y. 


CIRCUIT BREAKERS 


Air-Enclosed 


General Electric Co., Schenectady, N. Y. 
I-T-E Circuit Breaker Co., Philadelphia 


Oil 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


CLAMPS, GUY & CABLE 


Malleable Iron Fittings Co., Branford, Conn. 


CONDENSERS, ELECTROSTATIC 
Aerovox Corp., Brooklyn, N. Y. 
General Radio Co., Cambridge, Mass. 


CONTACTS, TUNGSTEN, ETC. 


Fansteel Metallurgical Corp., N. Chicago, III. 


CONTROLLERS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Rowan Controller Co., Baltimore, Md. 


CONVERTERS, SYNCHRONOUS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


DYNAMOS 
(See GENERATORS AND MOTORS) | 


GENERATORS AND MOTORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Reliance Electric & Engg. Co., Cleveland 


GROUND RODS 
Copperweld Steel Co., Glassport, Pa. 


INSTRUMENTS, ELECTRICAL 


Graphic 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Leeds & Northrup Co., Philadelphia 
Indicating 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Leeds & Northrup Co., Philadelphia 
Integrating 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Scientific, Laboratory, Testing 


Acme Elec. & Mfg. Co., Cleveland, O. 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
General Radio Co., Cambridge, Mass. 
Leeds & Northrup Co., Philadelphia 


INSULATING MATERIALS 
Cloth 
Mineraliac Electric Co., Chicago 
Moulded 
Bakelite Corp., New York 


Compounds 
Minerallac Electric Co., Chicago 


Roebling’s Sons Co., John A., Trenton, N. J. 


Tape, Friction 
Minerallac Electric Co., Chicago 
Okonite Company, The, Passaic, N. J. 


Roebling’s Sons Co., John A., Trenton, N. J. 


U. S. Rubber Products, Inc., New York 


Varnishes 

Bakelite Corp., New York 

Minerallac Electric Co., Chicago 
INSULATORS, PORCELAIN 

General Electric Co., Schenectady, N. Y. 

Ohio Brass Co., Mansfield, O. 

Universal Clay Products Co., Sandusky, O. 
LIGHTNING ARRESTERS 

General Electric Co., Schenectady, N. Y. 
LOAD RECORDERS—CONTROLLERS 

Leeds & Northrup Co., Philadelphia 
LOCOMOTIVES, ELECTRIC 

Allis-Chalmers Mfg. Co., Milwaukee 

Genera! Electric Co., Schenectady, N. Y. 
METERS, ELECTRICAL 

(See INSTRUMENTS, ELECTRICAL) 
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MOTORS 
(See GENERATORS AND MOTORS) 


PHOTOELECTRIC TUBES 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., New York 


POLE LINE HARDWARE 
Malleable Iron Fittings Co., Branford, Conn. 
Ohio Brass Co., Mansfield, O. 


POLE MOUNTS 
Malleable Iron Fittings Co., Branford, Conn. 


RADIO LABORATORY APPARATUS 
General Electric Co., Schenectady, N. Y. 
General Radio Co., Cambridge, Mass. 


RECTIFIERS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


REGULATORS, VOLTAGE 
Allis-Chaimers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y 


RELAYS 
Dunn, Inc., Struthers, Philadelphia 
General Electric Co., ponencctacy; N. Y. 
I-T-E Circuit Breaker Co., Philadelphia 


RESISTORS 
Aerovox yd Brooklyn, N. Y. 
Dunn, Inc., Struthers, Philadelphia 
General Radio Co., Cambridge, Mass. 


STARTERS, MOTOR 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


SUB-STATIONS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


SURGE ABSORBERS 
Ferranti Electric, Inc., New York 


SWITCHBOARDS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Soaenectady, Nay. 
I-T-E Circuit Breaker Co., Philadelphia 


On the skilful check of the mi- 
nutest details hangs life and 


death ... Protect against Tuber- 
culosis by checking your health. 


The National, State and Local Tuberculosis 
Associations of the United States 
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SWITCHES, AUTOMATIC TIME 
General Electric Co., Schenectady, N. 
Minerallac Electric Co., Chicago 


SWITCHES, DISCONNECT 
General Electric Co., Schenectady, N. 


SWITCHES, GENERATOR FIELD 
I-T-E Circuit Breaker Co., Philadelphie 


TRANSFORMERS 
Acme Elec. & Mfg. Co., Cleveland, O. 
Allis-Chalmers Mfg. Co., Milwaukee 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. ' 
General Radio Co., Cambridge, Mass. 


TURBINE GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. } 


TURBINES: 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. 


WELDERS, ARC 
General Electric Co., Schenectady, N. | 


WELDING WIRE 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. ' 
Roebling’s Sons Co., John A., Trenton, 


WIRES AND CABLES 
Aluminum 
Aluminum Co. of America, Pittsburgh 
Armored Cable 


American Steel & Wire Co., Chicago 
Cresent Ins. Wire & Cable Co., Trenton, 
General Electric Co., Schenectady, N. | 
Kerite Ins. Wire & Cable Co., New Yor 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, 


Asbestos Covered 


American Steel & Wire Co., Chicago — 
General Electric Co., Schenectady, N. ' 
Okonite Company, The, Passaic, N. J. 

Roebling’s Sons Co., John A., Trenton, 


Bare Copper 


American Steel & Wire Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
Crescent Ins. Wire & Cable Co., Trenton 
Roebling’s Sons Co., John A., Trenton, 
U. S. Rubber Products, Inc., New Yo 


Bronze 


Copperweld Steel Co., Glassport, Pa. 
Copper Covered Steel 


American Steel & Wire Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 


’ Flexible Cord 


American Steel & Wire Co., Chicago 
Crescent Ins. Wire & Cable Co., Trenton 
General Electric Co., Schenectady, N. ° 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, 
U. S. Rubber Products, Inc., New Ye 


Heavy Duty Cord 


American Steel & Wire Co., Chicago 

Crescent Ins. Wire & Cable o., Trenton, 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, 


Lead Covered (Paper and Var. Cambric 


American Steel & Wire Co., Chicago 

Crescent Ins. Wire & Cable Co., Trenton 
General Electric Co., Schenectady, N. 
Kerite Ins. Wire & Cable Co., New Yo 
Okonite Company, The, Passaic, N. J. 
Okonite-Callender Cable Co., Pa Cc, 
Roebling’s Sons Co., John A., Trenton, 
U. S. Rubber Products, Inc., New Yc 


Magnet 


American Steel & Wire Co., Chicago 
Crescent Ins. Wire & Cable €o., Trenton: 
General Electric Co., Schenectady, N. 
Roebling’s Sons Co., John A., Trenton, 
U. S. Rubber Products, Inc., New Yc 


Rubber Insulated 


American Steel & Wire Co., Chicago 
Crescent Ins. Wire & Cable Co., Trenton 
General Electric Co., Schenectady, N. 
Kerite Ins. Wire & Cable Co., New Yo 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, 
U. S. Rubber Products, Inc., New Yo 


Tree Wire 


American Steel & Wire Co., Chicago 

Crescent Ins. Wire & Cable Co., Trentom 
Kerite Ins. Wire & Cable Co., New Ya 
Okonite Company, The, Passaic, N. J.. 
Roebling’s Sons Co., John A., Trenton: 
U. S. Rubber Products, Inc., New Yi 

Weatherproof 

American Steel & Wire Co., Chicago 

Crescent Ins. Wire & Cable Co., Trenton 
Copperweld Steel Co., Glassport, Pa. | 
General Electric Co., Schenectady, N.. 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton: 
U. S. Rubber Products, Inc., New Yi 
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TIME and distance may prevent your being there in per- 
son. But you can always be there by telephone, with a 
warm and friendly greeting. For across the miles your 
voice is you! 


It’s easy to do and it can mean so much. A few words 
—thoughtful, kindly, reassuring—may gladden a day 
or a life. Somewhere today—perhaps this hour 
—some one is wishing you’d call. 


BELL TELEPHONE SYSTEM 


THEY MUST GIVE 


CONDENSERS 


Electrolytic condensers No matter what your condenser requirements 
for motor-starting and — motor-starting, power-factor correction, 
ke other high-capacity spark and radio-interference suppression, etc. 
aol ba needs, —AEROVO:xX either has a standard unit ready 
Commutating Type, @ or will design and make a unit for your exact 
Polyphase needs. Simply specify AEROVOX | 
A. C. Motors Oil-filled condensers 


(ru centIRee: opera: DA TA: Engineering services and quota- 


ace tions cheerfully submitted in 
j e exchange for your condenser problems. 


Largest line of standard 
units, listed andstocked. 


SENS 


Exceptional production 
facilities for making 
special units at lowest 
cost to you. 


EET 


% Increasing application over a 
constantly broadening field is con- 


vincing evidence that a product is 
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Molded Parts that 
Reduce Power Loss 


r as, 
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|__| BOWER LOSS FACTORS, |---| 
5} | gt VARYING TEMPERATURES | fe 
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Iie ee (Three types designated A, B & C) 
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HE various temperatures at 
which any electrical device may 
be called upon to operate—and the 
variations in electrical frequency, 
as well—must be carefully consid- 
ered in selecting dielectrics. Unless 
power loss of the material remains 
consistently low throughout the 
entire range of working tempera. 
tures and frequencies, practical ef- 
ficiency of the device may suffer 
appreciable losses. 
In Bakelite Molded,engineers and 
designers have available several 
pe Ake leds 


SAK ELITE GORPORATION OF 


ClO: PAOPREA Ta O8N , 
CANADA, 


BAK 


REGISTERED B 
The ragistored trode morks shown obove distinguish moterials 
monuiactured by Bokelite Corporotion Under the capital “B” is the Co 


MATERIAL OF A THOUSAND UWSES 


O° C. (| 


different dielectrics with differing 
electrical properties. The diagram, 
reproduced above, shows a few crit- 


ical values for the power loss factors 
of three types of Bakelite Molded. 
It indicates how well Bakelite 
Molded meets power loss require- 
ments in nearly any practical range 
of temperatures and frequencies. 
The numerous types of Bakelite 
Molded now available also provide 
similar useful variations in other 
important electrical,mechanical and 
chemical characteristics. 
2 Ames 
LIMITED, 


Through 


PARK 


ey} Dufferin 


U. & PAT. OFF. 


AVENUE, 


Sibxesext.. 


22°F.) 80°C. (176° F.) 


proper selection, appropriate com- 
binations may be obtained to meet 
countless needs of the engineering 
designer. Our engineers would wel- 
come an opportunity to cooperate 
with you in determining the type 
of Bakelite Molded best suited to 
your needs. 


At your request, we will be glad 
to mail you our illustrated booklet 
33M, “Bakelite Molded” containing 
A.S.T. M. data and other useful 
information. 
NEW 


Toronto, 


YOO IRIS - 


Ontario, 


Nes 


Canada 


LITE 


fumericol sign for infinity, or unlimited quantity, It symbohizes the infinite 
eumber of present and (uture uses of Bakelite Corporotion’s products 


COLITE 


-INSULATION 
ESFECTIVELY RESISTANT TO 


OKOLITE insulation permits the use of higher voltages 
—higher loadings. Not requiring a lead sheath, it avoids the wip- 
ing of joints, the effects of electrolysis and corrosion, sheath 


losses, and other disadvantages of lead. 


OKOLITE is a high-voltage cable insulation developed 
upon extensive research—and backed with an impressive per- 
formance record. It has the resiliency and other desirable me- 
chanical characteristics of rubber insulation. It is particularly 


resistant to heat, moisture and corona. 


OKOLITE insulation is suitable for many classes of power 
cable. Its scope runs from a small control wire toa heavy gene- 


rator lead—or a submarine power cable. 


OKOLITE insulation is particularly adaptable for braided 


cables in wet ducts—or where there are high temperatures. 


THE OKONITE COMPANY. 


Founded 1878 F 
HAZARD INSULATED WIRE WORKS DIVISION 
THE: OKONWPTE-@ALL EN DER GABLE COMPANY INC, 


EXECUTIVE OFFICE: PASSAIC, N. J. 
New York Boston Seattle Buffalo W Chicago Dallas Detroit Atlanta 
Philadelphia Los Angeles Pittsburgh Washington San Francisco 
Factories: Passaic, N. J. Wilkes-Barre, Pa. “Paterson, N. J. 


OKONITE QUALITY CANNOT BE WRITTEN 


INTO A SPECIFICATION 


